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About this Report 


AAs Coloradans increase their interest in investing in non-automotive transportation 
solutions, decision-makers and practitioners need tools to measures the performance, 
and costs and benefets of various modes of transportation in terms common to all 
mous. 


report are for use in analyzing various modes of passenger transport in corridor 

applications during the early planning stages. The frameworks proposed are focused 

around “core” areas (i.e., agency cost, user cost, mobility, safety, and air quality) in 
terms of measures of effectiveness and economic efficiency (i.e., net social benefit). 


T he economic efficiency and effectiveness frameworks and tools proposed in this 


The methodologies proposed can be used for additional purposes including the use of 
specific measures of effectiveness for analyzing a particular community goal, the source. of 
default values and algorithms to standardize the comparison of various actions, and the 
prioritization of projects (including single mode projects). 


The methodologies have been developed to support the regional planning process conducted 
by a Transportation Planning Region (TPR). The methodologies utilize user input data 
consistent with that available through the Colorado Department of Transportation’s (CDOT) 
GIS tools. 


The development and final product of the methodologies has been overseen by a study panel 
comprised of TPRs, metropolitan planning organizations (MPOs) and transit officials, as well 
as staff and management representatives from CDOT. The study panel strongly suggested 
that the TPRs and MPOs start using the methodologies as a way to begin standardizing the 
examination of potential results of proposed actions (i.e., in terms of agency cost, user cosSt, 
mobility, safety, and air quality, and economic efficiency). However, the use is not mandated 
and deviations are expected given that certain community goals must be consider in the 
decision-making process which are not reflected in the “core” areas. 


Executive Summary 


Background 


The Corson Performance Measures (CPM) research products provide a way for transportation decision- 
makers and practitioners to trade off the performance and costs and benefits of various modes of 


passenger transpottation. The CPM process 
employs two frameworks—economic efficiency 
analysis (EEA) and measutes of effectiveness 
(MOEs)--to assess and prioritize various 
transportation actions. The intended point of 
application is long range planning at the sketch 
planning level for corndor analysis where vatious 
modes of transportation might address a mobility 
problem. However, the tools and methodologies 
can also be used to help prioritize projects within a 
single mode of transportation or to compare the 
results of specific MOEs. 


The research focused its efforts on passenger 
transport by way of highways GOV, HOT, and 
HOV), transit, rail and bicycles with the intention of 
being able to make consistent (Le., apples to apples) 
comparisons actoss these modes. The EEA and 
MOEs frameworks are organized into five core 
ateas (agency cost, user cost, safety, mobihty, and atr quakty) 
and consider factors such as capital costs, operating 
and maintenance expenses, users out-of-pocket 
costs, travel time, fatal crash risks, and air quality 
implications. Since this approach is intended to be 
widely applied, only cormmonly used measurement 
areas were chosen. Local practitioners may want to 
independently consider additional performance 
measures that address other local concerns and 


goals. 


Primary Research Products 


Framework developed around five “core” 
categories of cost and performance (.e., 
agency cost, user cost, mobility, safety, and 
ait quality) 

Manual and spreadsheet worksheets for a 


practitioner to use to analyze a project or 
modal alternatrves within a project 


Simplified methodology for determining 
travel demand 


Tools for examining the MOEs and 
Economic Efficiency elements 


Summary sheets recapping the results of 
the MOE and NSB analysis 


Methodolopies for examining the sensitivity 
of the results and for prionitizing the 
MOEs 


Reference and Site Specific Tables which 
capture the major assumptions, values, or 


The CPM products are especially useful for rural and small urban transportation planning regions. 
They are not intended to supplant the more sophisticated tools used in the large MPO areas, although 
consistent measurement in the core areas is desirable from a statewide perspective. 


MOE and EEA Frameworks 


The CPM teseatch developed two different means of analyzing information - economic efficiency 
analysis and measures of effectiveness. These two conceptual frameworks are complementary in 
many ateas, yet they answer different questions. They often use the same data and build upon each 
other’s measures. While the MOEs can be completed independently of the economic efficiency 
approach, EEA requires the completion of many of the MOE steps. The EEA results present 
information in a monetized, comprehensive, bottom line fashion. The effectiveness analysis hones in 
on patticular elements that support commonly accepted goals. The effecttveness framework uses 
measures that may or may not be expressed in monetary terms and it does not calculate a monetary 
bottom line. 


These frameworks are not an examination of the full social costs of transportation except that certain 
externalities are addressed in the areas of user costs, safety and air quality. 


Economic Efficiency Analysis 
The concept of economic efficiency is a way of measuting if the people in a region would be in 
general better off by undertaking a particular transportation investment. Efficiency is interested in 
finding opportunities to change the way 
resources ate utilized so that the hives of most 
people in a community would be improved if 
the investment were made. 


The economic efficiency approach utilized in 
this research monetizes those things that 
matter most to many of us: 


Efficiency is only interested in, and therefore . ; 
only measures, what might significantly c The loss of lives due to crashes; 
as a result of an investment. It aggregates all ‘ 
al ; 
elements considered into a — single, Sa 
comprehensive, monetized answer. Efficiency The return on our investment, now and 
compates the projected change in the monetary in the future; 
value of specific MOEs to a future scenatio 
where no investment wete made to determine Our out-of-pocket expenses; and, 
the investment’s costs and benefits in terms of 
net socal benefit (NSB). A positive NSB indicates a The health related consequences due to 
wise investment—in tetms of economic the polluted ait we breath. 


efficiency—while a negative NSB would indicate 
that the investment should not be made since 
costs exceed the benefits. EEA may also indicate the relative ranking of certain investments, that is, 
which one has the greatest net benefit, which has the next best net benefit, etc. 


The economic efficiency measure is information that decision-makers can use, but it does not mean 
that a project should be built if the NSB is positive notwithstanding other information. It may 
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happen that a project will show positive benefits in some categontes and nepative in others. For 
example, user benefits may be positive because average speed increases with the project but safety 
benefits may be negative because there are more fatalities at the higher speed. Overall positive 
benefits would still be considered to be a wise investment if one 1s interested in the net effect that 
economic efficiency brings to the decision-maker. 


The efficiency tool considers the costs and benefits in each year of the planning timeline. It calculates 
the NSB and then brings the figures to a present value. The methodology proposed here also 
compares actions as if they were in place im perpepaity to correct for the compatison of unequal asset 
lifetimes and to measure the continuing performance and costs and benefits of an investment once it 


is made. 


Measures Of Effectiveness Approach 
The MOE framework first asks the user to determine what goals, standards, and/or benchmarks are 
of most importance. An effective investment action ts one that supports the achievement of a 
specified goal or goals, so that the investment 


achieves the intended results. The measures of effectiveness are atranged 


into five cote categories commonly found to 
As a result of the research, it was determined that be of interest to most decision-makers: 
Colorado decision-makers typically assess 
projects in terms of their agency cost, user cost, safety, 
mobility, and environmental tmplications. Therefore, 
these five “core” measutement areas have been 
established as the MOE categoties for application 


with this research. 


Agency Cost — capital costs, maintenance 
and operating costs, administrative costs 


User Cost — out-of-pocket expenses 


Mobility — changes im _ travel 
The MOE approach is concerned with how well characteristics, (.¢., amount of travel, 


something is done and does not necessarily imply 
a maximization approach. Rather, the MOE 
apptoach looks to fulfill designated expectations. 


speeds, and travel time) 


Safety — number of crashes, and number 
of fatalities 


The effectiveness framework allows the 
measurement of how certain choices meet 
specific goals that reflect certain community 
objectives. 


Air quality — amount of emissions due to 
a proposed action 


For example, one community has a mobility problem along with a goal to improve air quality because 
it is a non-attatnment area. The community considers making an investment in altemnative modes 
before consideting traditional highway widening. From a community-wide effidency standpoint, an 
mvestment in a Travel Demand Management (TDM) strategy that mainly impacts large employers 
provides fewer mobility benefits than widening a long stretch of the interstate. However, the 
community chooses to implement the TDM strategy in spite of its lower overall efficiency rating 
because it helps to achieve its air quality goals. 


Dectsion-makers can place more emphasis on one or several components of performance in order to 

show progress in solving a particular problem. Safety is often a highly vistble concern for both 

decision-makers and the general public. The effectiveness framework allows safety implications of 

certain investment choices to be considered without monetizing the costs/benefits of accidents. 
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MOEs could look at trends in accidents or place mote importance on accidents that impact certain 
locations. 


The MOE framework results will most often be shown through the use of a matrix. The goals are set 
out along one axis. The performance measures along another. A score may be developed which 
allows for numeric calculations and/or weighting of the scores. MOE can also use a mote qualitative 
means with descriptive measures. Scores may also indicate a trend (ie., decreasing pounds of 
pollution) without attaching actual numbers to the score. 


Application of Methodology and Tools 


Practitioners Guidebook 

Chapter One of this guidebook more fully defines the frameworks, the core areas and key definitions. 
Chapter Two provides the process steps a practitioner would need to follow to perform an MOE ot 
EEA analysis that may, for example, help a Regional Planning Commissioner take a policy-level 
action. It contains a User Input Table that the practitioner would complete to begin either the MOE 
or EEA analysis along with suggestions for data sources. Chapter Three contains detailed steps for 
developing the manual worksheets for an MOE analysis, along with copies of the worksheets. Chapter 
Four is compatable to Chapter Three excepting that it details the EEA process and contains the EEA 
worksheets. Chapter Five discusses the evaluation of results and contains a process for evaluating the 
MOEs. It also makes recommendations for conducting sensitivity analyses. Reference Tables and Site 
Specific Tables that captute the major assumptions, values and directtves by subject area are provided in 
Appendix One. Finally, Appendix Two shows a bibliography that includes some of the technical 
references produced along with this reseatch. 


Although the tools produced by this research can be accessed, for both the MOE and EEA 
calculations, via manual worksheets or automated spreadsheets, the use of the spreadsheets is 
recommended given the savings in data input, flexibility, and speed of processing. Files containing an 
electronic version of the spreadsheets as well as templates for the manual worksheets are provided in 
the pocket of this manual. 


Summarizing MOE and EEA Results 

For the MOE apptoach, Forms K-2 and M are the final summary forms that will be used to compate 
the different cortidor scenarios considered. These forms tabulate corridor MOEs by analysis period 
and per yeat respectively for the Baseline, No-build, and Alternative scenarios. Form K-2 consists 
only of mobility measures per analysis period whereas Form M includes annual measures for all five 
core ateas. 


For the economic efficiency analysis, Form EE-2 (Net Social Benefits Table) 1s used to collect and 
display the time profile of benefits and costs for a project. Examples of forms M and EE-2 ate next 
provided. 


FORM M 
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CORRIDOR IWENTIFICATION 


BASELINE YEAR | ANALYSIS YEAR SS ren 
[accerenvern [sow ov | HOT | BUS | LAT] ama mL 


De ee a a a a ee ee ee [oT] 
[Annual #atPassPk-pertripss [TT 
—————————— —— 
| vMT(Peakperiogs TT [| 
eS SS SS Senn | 
ce a 


‘AIR QUALITY 


——————————————— pe 
a a eee Ee 


Varlable User Cost ee 
[Perlodic User Cast ee a es) 1 


| MOEs SPERYEAR | 


ee nS YT a a ee ee 
[_AnnusisatPasoPepertripss | TT Ht | | —f 
———— ————— oe 

| _WMT (Peak pertogy fF PP a 


‘AIR QUALITY " = = 
Emissions (tons of pollutants ay a ee es es ee ee —— 


{SAFETY 
Number of Crashes Rs 
|_ Fatalities ss 


A ——— ee 

| PefodicUserCost | Pe) 

| MOEs PER YEAR rr ps_{ TOTAL | 
MOESs unde: Aheriaiive sconarie (p = : 3 


[mommy 
Annual Number of Pass. Trip: ee ee ee ee Eee 
Annual # of Pass Plep SS 


Number of Crashes DO a a el a ee oe 
a OS eS 


Sn | _USERCOSTSinmillions$ | 
| Variable User Cost a 
Perlodia User Gost SS Ses ee es er ee a 


AGENCY GOST In millions $ 
Atternative Capital Total ** A ( 
Aitarnativa M&O Total SS SS — 
Service Delivery Component eh 


Permtoratwename: | [7 ”"/f 


‘cents | Coste _| ‘Benetns | 

Benefits Benefits | Benefits Costs Costs Benefits 
| oOo [| JT yt fC 
eS Ot Se 
feomege re = > SNe ee ee 
P= 8 a a 
P28 Ue 1  —— — ———— — ——  _ E e 
fee ee 
ee ee ee eee) ee ees Sere) 
Re es GS | 
[i Je = a= I ee 
es =e ee 
i a) ees (ES ae Gees ae aaa 
es | 
Ee SS A | 
fei fe — — I = a ef = i = Se 
fe ee Pale ef ee a ee 
ee ee ee aE ey) ee eS Se eee 
Fe a a TS |) | ee ees (Cones Vey 
ee es (Pee (A ee) eee es 
ee ee et ad 
a ee es) es Hj, fF 
Poe@tee J Ss = —— | 
porae _ 
a eee es |e es ee) ee | es 
RE OR | (Oe 
| 2 f ~ fo ft fT CT 
| 2 f Jf | es es es es 
ze a i Se 
ee ae eee es ee) aa es ae) es 
eee = i i a ee = = 
A s | 
fee ee eae a ei 
po aes = ee eS i Fe 
——————E—————————————EEEE 
ee (eee ee a 
a) a (Sey (SE Rm (ee (ee seer 
Rp A 
Nl a ss a ee 
a0 Pee are eS 
Present Value en En eee eee) EEE Een eae 
AnnualValue ss] Cs 


* Decision-Making Year 
** Difference in yearly User Costs between No-Bulld and Alternative from MOE Form L 
Benefits and Cost are In milllons $ 

Present Value Is based on the Interest Rate on Form EE-1, as Is Perpetuity Value 
Annual Value is based on the Interest Rate and Annuafization Period on Form EE-1 
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Prioritizing Using Measures of Effectiveness 


The comparison of alternatives or projects with MOEs is a matter of looking at each MOE side-by- 
side to see which alternative has the better MOE. Most methods to prioritize (rank) alternatives with 
MOEs involve some formula to weight and aggregate the MOKEs so that conflicting MOEs are 
reduced to a net result in a single measure. A method that uses weights for selected MOEs to 
produce and overall index is presented in Chapter Five. It is a type of objective, ordinal index with 
properties that make it useful and understandable to dectsion-makers. The analyst can initially select 
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the weights used and refine them to meet the preferences of the decision-makets. For every 
alternative or project being considered an index value 1s determined. Based on this index value, 
projects can be ranked from better to worse. 


The MOE index is defined by J = Mj"M3?M3}.....My" 


whete, I = MOE Index 
M, = Measute # 
a, = exponent 


The recommended measures for evaluation are: 


Q Mobikty: M,  =Average Speed for all modes considered 
Q Safety: M, = 1/Number of highway fatalities 

Q AirQualty: M,,  =1/Tons of Pollutant 

OQ Agency Cost: M,  =1/Agency cost 


The inverse of the last three measutes is taken to indicate that tncreasing values of the measures are 
pteferred, as explained in Chapter Five. Properties of this index such as the rate of substitution 
between measures and the index elasticity are also discussed in Chapter Five. 


Prioritizing Using Economic Efficiency 
Compating alternatives or projects using EEA must take into account the fact that there may be assets 
of different useful lifetimes and construction periods. Fort example, additional lanes on a highway 
may have a useful life of 30 years, whereas a light rail line along the same corridor may have a useful 
life of 50 years. Their NSB cannot be directly compared because the expenditure for the rail 
alternative produces transportation services for a longer number of years. Comparison can be made 
by assuming each mode would be kept in service in perpetuity by reconstruction whenever necessaty 
in the future. Then the economic efficiency measure is the perpetuity value of each project. This is 
easily calculated from the NSB for each project and can be included on the NSB worksheet. The 
Perpetuity NSB provides a correct economic efficiency ranking of alternatives for decision-makers to 
use in their deliberations, if projects of unequal asset lifetimes are being compared. 


Sensitivity Analysis | 
The purpose of sensitivity analysis is to determine 


the level of confidence in the analysis results. 
Given the inherent uncertainty in the estimates 
upon which the MOE and EEA are developed, 
analyses of sensitivities for the different variables 
used should be conducted. This would give a 


Since the analysis follows from assumed 
changes in population and travel demand, it 


is recommended that the MOE and EE 
analysis be performed with at least two levels 
of population and demand assumptions 


better understanding of the effects of increased or 
lowered values for the variables used in the evaluation. The general idea is to determine how large a 
change in the variable would have to be to change the results suggested by the analysis. If the size of 
the change in a given variable is so large that the value for the variable is thought to be extremely 
unlikely, that would suggests consistent analysis results. A more complete explanation on sensitivity 
analysis is given in Chapter Five and Appendix Two. 

Y 


Chapter 


Background to Measuring 
Performance for Project Specific 
Purposes 


Purpose of the Research 


The putpose of the Colorado research project “Developing Common Petformance Measures to 
Evaluate Transportation System Investments Across Modal Lines” was to establish a framework and 
develop simple tools that allow a consistent means of making economic and performance 
comparisons across passenger modes of transportation within a corridor project. 


The Common Performance Measures (CPM) research products analyze information by applying an 
economic efficiency analysis and/or the measures of effectiveness approach. Different modes 
operating in a cotridor environment can be accommodated in a manner that allows transportation 
practitioners and decision-makers to compare different modal solutions. CPM results are used to 
compare a wide variety of altematives inchiding measures for highways, transit, rail, pedestrians, and 
bicycles. These results are categorized by core areas including: agency cost, user cost, safety, mobility, 
and air quality. These core areas consider a vatiety of measures, that can be used under a broad 
variety of settings, such as travel time, operating and maintenance expenses, users out-of-pocket 
expenises, accident risk, and other. Local practitioners may want to consider additional performance 
measures, which addtess other local concems. 


The analysis methodology produced by the CPM research is especially useful for rural and small urban 
transportation planning regions. It 1s not intended to supplant the more sophisticated methods used 
to analyze projects m large Metropolitan Planning Organization (MPO) areas. An example case that 
shows the use of the simplified analysis tools developed by the CPM research is presented in 
Appendix Two. This approach can be used to evaluate indrvidual corridor projects throughout the 
region or to compare a number of alternatives within a corridor. 


The tools developed are intended to be used at the sketch-planning level Although economic 
efficiency analyses and analyses based on MOEs could be applied at the project design level, that was 
not the charge of this research effort. The proposed calculations apply core measures to produce 
results that help transportation practitioners see the relative value of making a particular corridor 
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transportation investment. These tools are very helpful because they use a consistent means of 
comparing a variety of mult-modal projects. 


Frameworks 


The CPM research has developed two different means of analyzing information--economtc efficiency 
analysis and measures of effectiveness. These two conceptual frameworks are complementary in 
many areas, yet they answer different questions. They often use the same data and build upon each 
other’s measures. However, the use of one does not supercede the use of the other. The tesults of 
the efficiency analysis present information in monetaty terms. The effectiveness analysis hones 1n on 
particular elements that support goals commonly cited by many Colorado communities. 


Economic Efficiency Analysis (EEA) 

The concept of economic efficiency is a way of measuring if the people in a region ate in general 
better off by undertaking a particular transportation investment. Efficiency is interested in finding 
opportunities to change the way tesoutces are utilized so that the lives of most people in 2 community 
would be improved compated to the status quo while at the same time no one would be worse off 
because of the investment. 


The term community is included in the efficiency definition. At the sketch-planning level the CPM 
economic efficiency framework does not recommend what community should encompass. From the 
regional planning perspective, it could be the whole region or it could be only that portion which is 
directly impacted by the proposed project. Analysis of the same project can be done from the 
perspective of different communities and reach different conclusions. Suppose there were two 
counties and three towns whose residents would be affected by the proposed project. There could be 
three different efficiency analyses for the towns. It is conceivable that while the project might allow 
people in the first town to be better off, the people in the second and third towns might be wotse off. 
What helps one community may negatively impact a neighboring community. Given the conflicting 
information, transportation decision-makers must make the choice. 


EEA offets a single, comprehensive answer in terms of net social benefits (NSB). This framework 
calculates in monetaty terms the significant costs and benefits of an investment and determines a 
bottom line net social benefit. A positive NSB indicates a wise investment while a negative NSB 
shows that the costs exceed the benefits. EEA may also indicate the relative ranking of certain 
alternative investments, that is, which one has the greatest net benefit, which has the next best net 
benefit, etc. 


A benefit is defined as the maximum amount a person is willing to pay to get the desired objective. A 
cost is equal to the minimum amount a person is willing to accept as compensation for being worse 
off. 


The starting point for efficiency is to develop a baseline. The baseline case measures what happens if 
no new investments ate undertaken. Then, cases ate built for the suggested investment(s). Because 
econotnic efficiency measures the changes ftom the baseline, one must next determine benefits and 
costs that represent the changes the proposed investment will bring compated to the baseline. Only 
when there are changes from the baseline are costs or benefits included in the calculation of NSB. When the benefits 
minus the costs ate greater than zero, the investment is efficient. If the benefits minus the costs are 
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less than zero the investment is inefficient and should not be pursued based upon the efficiency 
results. 


The efficiency tool considers the costs and benefits in each year of the planning timeline. It calculates 
the net social benefit and then brings the figures to a present value. If the NSB number is positive, it 
indicates the mvestment will make the community better off. If the figure is negative, the investment 
over the period will make people in the community worse off. The efficiency tool allows the costs 
and benefits of the investment to be calculated in perpetuity, which allows alternatives with different 
investment cycles to be faitly compared. 


Measures of Effectiveness (MOEs) 

The MOE framework first asks the user to determine what goals, standards, and/or benchmarks are 
of most importance. An effective investment action is one that supports the achievement of a 
specified goal or goals so that an investment achieves intended results. 


The MOE approach is concermed with how well something is done. MOEs are not always looking 
for “bigpest’” or the “most.” Rather MOEs look to fulfill designated expectations. The effectiveness 
framework allows the measurement of how certain choices meet specific goals that reflect certain 
community objectives. For example, one community chooses a goal to improve ait quality because 
the community is in a non-attainment area and desires to make investments in alternative modes. 
From a community-wide efficiency standpoint, investment in a Transportation Demand Management 
(TDM) strategy that mainly impacts large employers provides fewer mobility benefits than widening a 
long stretch of the interstate. However, the community, as a non-attainment area, could not first 
implement the widentng project without violating federal air quality standards. Therefore, the 
community may choose to implement the TDM strategy in spite of 1ts lower overall efficiency rating 
because its offers greatet air quality gains. 


Some goals may contradict other goals. MOEs allow for the independent consideration of the goals 
or objectives. Effectiveness presents the community designated important factors for teview but does 
not combine the factors with each other. Safety goals may be reviewed separately from air quality 
goals and one may be given a higher level of importance than the other. 


The effectiveness framework is useful when performance related to particular markets or segments of 
the community need to be tracked. For example, if the economy is shrinking, sacrifices may be 
tequired of the community, but the decision-makers may wish to hold certain individuals or groups 
(e.g., children, disabled) harmless. MOEs can determine which alternatives support the goals and 
ensure the designated market segments are not harmed. 


MOEs can answer questions that are outside the realm of efficiency. Since economic efficiency 
compares changes between a baseline and a proposed alternative in terms of costs and benefits, it 
typically calculates the values in monetary terms. The effectiveness framework uses measures that 
may of may not be expressed 1n monetary terms and it does not calculate a monetary bottom line. 


Dectsion-makers can place more emphasis on one or several components of performance in order to 
show progress in solving a particular problem. Safety is often a highly visible concem for both 
decision-makers and the general public. The effectiveness framework allows safety implications of 
certain investment choices to be considered without reducing to monetary terms the costs/benefits of 
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accidents. MOEs could look at trends in accidents or place more importance on reducing accidents 
that impact certain locations. 


The MOE framework results will most often be shown through the use of a matrix. The goals ate set 
out along one axis and the performance measures along another. A score may be developed which 
allows for numeric calculations and/or weighting of the scores. MOEs can also use a mote qualitative 
means with descriptive measutes. Scotes may also indicate a trend (ie., decreasing pounds of 
pollution) without attaching actual numbers to the score. 


Core Measurement Areas 


The field of transportation planning and investment often uses conceptual categorizations that can 
best be described as overlapping rather than discrete groupings. The CPM research has organized its 
efforts by separating the performance measures into five core areas of interest—Agency Cost, User 
Cost, Mobility, Safety and Environment. The patameters of each of the areas follow. 


AGENCY COST refers to all of the capital, maintenance and operating expenses incurred by agencies 
tesponsible for constructing and maintaining transportation facilities. The facilities would inchade not 
only the primary facility that is used by the traveling public but also major auxiliary facilities. Capital 
costs cover the construction and/or purchase of the physical infrastructure and/or asset. It inchides 
design, engineering, ROW and start-up expenses for program implementation. These costs are 
incurred infrequently yet involve significant levels of investment. Capital also covers major expenses 
that extend the life of the facility into perpetuity, such as reconstruction of a roadway surface or 
ovethaul of a locomotive engine. Maintenance costs include the expenses to keep the physical 
structute/asset at the prescribed industry condition standard over the design life of the project. These 
ate recurring costs, such as salary and matenials for filling potholes. Operating costs involve the 
ongoing expenses to keep the facility/service functioning. They include setvice delivery costs such as 
the salaries of transit drivers and ticket salespersons. Agency cost also includes the agency’s total 
administrative costs that ate often expressed as a percentage of the total costs. 


USER COST refers to the total expenses incurted by all individuals impacted by the transportation 
system. This item includes fixed and variable costs. The former covets such items as 
ownership /depreciation, insurance and registration. Variable costs are tied to the trip making such as 
gasoline, parking, tolls, or bus fares. 


MOBILITY refers to the elements of travel that are concerned with the actual movement of people, 
goods and information. Mobility elements can include travel time and delay, speed, number of 
persons moved, capacity limits of the facilities and the length of travel. Other measutes involved 
include volume to capacity ratio, passenget miles traveled per hour and vehicle occupancy. For 
efficiency analysis the major component ts often the value of the travelers’ time. 


SAFETY refers to elements that measure the incidence of injury, fatality and risk. Safety performance 
measures consist on raw numbers of accidents and fatalities. The measures might also be expressed in 
monetary terms indicating the amount a community is willing to pay to reduce the risk of one fatality. 


AIR QUALITY tefers to quality of life elements concerned with pollution. The major air quality 
component considered is the amount of pollutants emitted by vehicles. 
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Definitions 


Unfortunately, there is no standard definition for a number of the terms used in this research, 
including alternatives, facilities and modes. For instance, modes and alternatives may be used 
synonymously in one article while these same terms have vety different meanings in other contexts. 


For the purposes of the CPM research, these terms will have the following narrow definitions. 


ALTERNATIVE refers to a transportation investment choice that is viewed as a single unit An 
alternative can be comprised of a single mode or multiple modes and it may also include 
transportation demand strategies such as signal timing improvements or incident management. 


ANALYSIS YEARS refers to the years for which data is generated in the evaluation effort. These years 
usually include the long range planning time frame, for example 20 years in the future with values also 
calculated for the intermediate points of five, ten and fifteen years. 


ANNUAL VALUE (see Financal Definitions section at the end of these Definitions) 


AVERAGE SPEED is the speed (distance passed per unit of time) at which vehicles or a person 
travels. For transit vehicles, it includes dwell times at stops or stations, acceleration, and 
deceleration. 


BASE YEAR tefers to the most recent past yeat for which input data is available. For example, it may 
be 1990 for census data. 


CRASH is a traffic crash or accident that involves a single toad vehicle (overturns), or it may involve a 
vehicle in a collision (e.g., between a vehicle and one or more vehicles, a pedestrian, an animal, or a 
fixed object). Vehicles can be motorized vehicles or bicycles, and the accident may involve an injury 


to a person (fatal, serious, or slight) or damage only to property. 
DECISION-MAKING YEAR fefets to the year to which future values are discounted to get their present 
value. It is usually the year in which the analyst conducts the evaluation. 


DISCOUNT RATE tefers to the amount to which future values are adjusted to obtain the present value. 
It is reconamended that the U.S. Office of Management and Budget rate of 3.6% be used. 


EFFECTIVENESS refers to taking actions that support the achievement of predefined goals. 


EFFICIENCY tefets to allocating the resources available to a community in a fashion such that it is 
impossible to increase the well being of at least one person in the community without decteasing the 
well being of some other person or persons in the community. 


EMISSIONS (in Tons of Pollutants) is the level of air pollution contributed by the transportation system 
in the corridor under study. 


FACILITY refers to the physical structures or equipment that are necessary for the movement of people 
ot goods. A facility could be a roadway or the rail tracks. The term facility also refers to capital 
equipment items needed to complete the travel demands, thus it could include vehicles (including 
personal autos), other rolling stock, parking lots and other necessary buildings locations. 


FATALITY refers to an occurrence which involves a person who dies as a result of an injury sustained 
in a crash or accident (at the place or within a few days). 
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FATALITY RISK refers to the dollar amount that people are willing to pay to reduce the risk of an auto 
fatality. 


MEASURE OF EFFECTIVENESS (MOE) is a quantitative measure to determme how well an activity, task, 
or category of function is being performed. Examples of MOEs ate; average speed, VMT, PMT, for 
mobility and, number of crashes and fatalities for safety. 


HIGH OCCUPANCY TOLL (HOT) LANE refers to a facility that allows the use of HOV lanes by vehicles 
with below the minimum number of occupants when they pay a fee ot toll. 


MODE refers to the means employed to move people or goods from an origin to a destination. The 
most common surface transportation modes are driving petsonal autos, trucking, siding public transit 


or rail, bicycling and walking. 

MODE SPLIT refets to the percentage of trips being taken on each mode when more than one mode is 
being used. 

NEY SOCIAL BENEFITS TABLE contains thtee terms which require clarification with respect to the 
definitions of benefits and costs. The PresentV row is the sum of the present value of yearly figures 
in the column above. It is the present value of User Benefits, the present value of Air Quality 
Benefits, etc. as these terms are defined. AnnualV ts the annual equivalent of the present value in the 


row above over the lifetime of the project. PerpetuityV is the perpetuity value of the benefits or costs 
10 the column above as this term is defined. 


NO-BUILD refers to the future planning scenario that considers no changes or improvements to the 
baseline conditions. 

PASSENGER-MILES-TRAVELED (PMT) refers to the total miles traveled by all passengers in a given atea 
or corridor using any travel mode during a specified time period. For transit, it 1s calculated as the 
total number of passengers carried by a transit system multiplied by the number of miles they travel. 
For passenger cats, it is calculated as the product of the VMT times the average occupancy per car. 


PERIODIC USER COST refers to the traveler’s annual expenditures on goods and services needed to 
access the transportation system. These expenditures are mainly associated with automobile 
ownership and include purchase, insurance, repairs/parts/tires, registration/licensing and taxes. The 
expenditures do not depend directly on the number of miles traveled. 


PERPETUITY VALUE (sce Financial Definitions section at the end of these Definitions) 
PRESENT VALUE (see Financial Definitions section at the end of these Definitions) 


TRAVEL TIME refers to the time duration of a trip from the point of origin to the final 
destination. Usually includes waiting and walking time at transfer points and tap ends. In the 
CPM worksheets, travel time ts calculated by dividing the segment or corridor length by the 
average speed of travel. 


TRIP is a one-way movement of a person or vehicle between two points for a specific purpose. 
In the CPM worksheets, every trip considered is assumed to go from the beginning to the end of 


a segment. 


VALUE OF TIME refers to the dollar amount applied to people’s time. It is recommended that 
one-half the gross wage tate (Colorado or local) be used as default. 
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VARIABLE USER COST refers to the traveler’s dollar expenditures which change depending on the 
number of miles traveled each period, the value of the time spent traveling, and the value of 
fatality risk for each mile traveled. Dollar expenditures included are those due to gasoline, 
transit fares, parking, and tolls. Depending on the trip and the corridor, not all categories of 
expenditures may be incurted. If this MOE goes up from one yeat to another, it means that the 
transportation system being studied is more expensive for travelers to use, per mile traveled, in 
terms of other things they could do with their income and wealth. 


VEHICLE-HOURS-TRAVELED (VHT) refers to total hours traveled by all vehicles in a given area or all 
transit-vehicle hours operated during a specified time period. It is calculated as the number of 
vehicles multiplied by the average travel time per trip during the time period considered. 


VEHICLE-MILES-TRAVELED (VMT) refers to the total miles traveled by all vehicles in a piven area or 
all transit vehicle-miles operated for a specified time period. It ts calculated as the number of 
vehicles multiplied by the length traveled in a given corridor or analysis area, during the time 
petiod considered. To estimate VMT in the worksheets it is assumed that every trip considered 
travels the entire segment length. 


Financial Definitions 
PRESENT VALUE is the value of a future dollar amount discounted to the deciston-making year 
using an interest rate. The interest rate used is often called the discount rate. 


Present value can be thought of as how much a future amount is worth to you today, when you 
are trying to make a decision. For example, fot two investment options: $10,000 today which 
gtows to $50,000 in year 10 and a $10,000 investment today which grows to $75,000 in year 15. 
At 2 10% discount rate, the present value of $50,000 is $19,277, whereas the present value of the 
$75,000 return is $17,954. The latter investment has the higher present value for a 10% rate. 


ANNUAL VALUE is the annual equivalent of the present value of a column of figures defined over the 
same period of years as the present value and using the same discount rate. Annual value is a concept 
best defined by illustration. Suppose a project grves benefits in each of 10 future years and the dollar 
amount of the benefits is different in each year. The present value of each future benefit first needs to 
be calculated, and then the 10 present values are added together. The sum total ts called the present 
value of the project. Now suppose the benefit amount in each of the 10 future years is replaced by an 
equal amount. If that number gives the identical present value, it is called the annual value of the 
project. An annual value is a figure which, in a uniform series of future amounts, is equivalent to the 
present value. It is used to compare projects of different useful lifetimes, or the perpetuity value of a 
project. 

PERPETUITY VALUE is a present value that assumes the expenditure pattern of benefits and costs 


of a project is replicated forever. The idea is that once the transportation infrastructure of a 
project is in place, it is maintained, operated, and reconstructed to keep it in service forever. It is 


useful to compare alternative projects that have different lifetimes, such as adding highway lanes 


to a corridor with a 30-year lifetime to a commuter railroad along the same corridor that has a 
50-year lifetime. The perpetuity value is calculated by dividing the annual value by the discount 
tate: 


CONSUMER SURPLUS is the difference between what users are willing to pay to use a transportation 
system and what they actually pay for using it. 
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Definitions by Core Area 


— CM MOFs | | EBA 
Agency Cost 


Total Capital Costs 


Total M&O Costs 


a) Delivery aa M&O costs for transit 

Cost modes attributed to offering 
passenger service. Maia 
components ate wages for 
workers and vehicle fuels. 


Capital construction and/or 
purchase cost for an 
alternative valued for the 
decision making year 


The cost of ongoing 
expenditures to keep the 
capital asset or service in 
working order. Includes 
Service Delivery Costs for 
the costs that transit 
operations (bus and rail) 
incur that could be compared 
to the out of pocket cost 


Present Value 
Capital Cost 


Perpetuity Value 
Capital Cost 


Present Value 
M&O Cost 


Perpetuity Value 
M&O Cost 


Perpetuity Value 
Service Delivery 
Cost 


User Cost 


Vaniable User Cost | User costs which change 
depending upon the amount 
of travel done (e.g., fuel, 


Periodic User Cost We casa which occur on a 
recurring basis but not 
directly related to che amount 
of travel (e.g., vehicle 
purchase, insurance, 
maintenance, etc.). 


Variable User Cost 


Periodic User Cost 
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Capital cost as defined under 
MOE except that the value 
of capital costs today 
(present value) equals the 
value of expected future 
costs, discounted back to the 
present at the appropriate 
interest rate 
Same as Present Value 
Capital Cost excepting that 
the expenditure pattern of 
costs and benefits is assumed 
to be replicated forever. 
Needed to compare 
alternatives that have 


different lifetimes. 
See present value discussion, 
only applied to M&O costs. 


See perpetuity value 
discussion, only applied to 
M&O casts. 

The costs that transit 
operation (bus and rail) incur 
that could be compared to 
the out-of-pocket costs 
incurred by SOV users. 
See perpetuity value 
discussion, only applied to 
setvice delivery costs 


User costs which change 
depending upon the amount 
of travel done (e.g, fuel, 


see costs which occur on a 
recurring basis but not 
directly related to the amount 
of travel (e.g., vehicle 
purchase, insurance, 


Mobility 
Vehicle trips times vehicle Passenger Trips 
occupancy, or non-vehicle 
trips. 


Average Trip Travel 
Time 


Passenger Trips 


Average Trip Travel 
Time 


Vehicle Hours 
Traveled 


Passenger Miles 
Traveled 


Capacity Utiization 


Masimum 
Theoretical 
Capacity 


Faralines 


Crashes 


Summation of the products 
of PMT times travel time for 
all segments for both 
directions divided by total 
PMT. 

Total number of vehicle trips 
including all modes 
multiplied by the average 
ttavel time per trip. 
Total number of miles 
traveled by passengers using 
motorized or non-motorized 
modes. 


Present Value User 


Benefits 


Perpetuity Value 
User Benefits 


Ratio of the number of 
passenger tips using 
motorized modes over the 
total number of seats 
available per direction 
Maximum theoretical 
number of passengers that 
can pass a section of a 
transportation facility per 
unit of time under ideal 
conditions. 


Safety 


Number of deaths occurring 
in a transportation system 
due to vehicle crashes or 
incidents per unit of time. 
Calculated by multiplying the 
fatality rate per units of travel 
by the exposure for each of 
the modes. 
Number of traffic crashes or 
accidents that occur in a 
transportation system. 
Estimated as the frequency 
per exposure (in units of 
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EEA 


Vehicle trips times vehicle 
occupancy, or non-vehicle 
trips. 

Summation of the products 
of PMT times travel time for 
all segments for both 
directions divided by total 
PMT. 


The value of travelers’ saving 
in travel time and increase in 
consumer surplus* excepting 
that the value of the savings 
and increase today (the 
present value) is the value of 
expected future savings and 
increase discounted to 
present at the appropiate 
interest rate. 


Same as present value User 

Benefits except that the user 

benefits are assumed to be 
plicated forever. 


Fatality frequency per 
exposure per unit of time 
where exposure is derived 
from annual VMT per mode 
by the fatality rate for the 
xespective mode 


travel) per unit of time. ee ee 


People’s annual willingness 
to pay to reduce tisk of 
fatality associated with travel, 
except that the value of the 


willingness to pay today (the 


Present Value 
Safety Benefits 


Perpetuity Value 
Safety Benefit 


Total amount of pollutants in 
tons per year. Equal annual 
VMT times the emissions 


Present Vahte Air 
Quality Benefit 


Perpetuity Value Air 
Quality Benefit 


Net Social Benefit 


Present Value Net 
Social Benefit 


Perpetuity Value 
Net Social Benefit 
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present value) is the value of 
expected future costs 
discounted back to the 
present at the appropuate 
interest rate 

Same as present value of 
safety benefits except that the 
willingness to pay is assumed 


to be replicated forever 


Total amount of pollutants in 
tons per year. Equal anoual 
VMT times the emissions 
rate per VMT. 

The value of human health 
damages avoided per ug/m? 
per petson, except that the 
value of the avoidance today 
(the present value) is the 
value of expected future 
costs discounted back to the 
present at the appropuate 
interest rate. 
Human health damages 
avoided per ug/rm? per 
person, except that the 
avoidance is assumed to be 
eplicated forever 


Total Value of the agency 
cost, user costs, ait quality, 
and safety values, where the 
value of the net benefit (or 
cost) today (the present 
value) is the value of 
expected future costs 
discounted back to the 
present at the appropnate 
iaterest rate. 

Total Value of all measures, 
except that total benefit or 
cost is assumed to be 
replicated forever 


Modes of Passenger Travel 


To meet the needs of end users, the CPM research team decided to concentrate on a limited number 
of modes. Selection criteria were applied to the numerous modes cited in the literature in order to 
limit the CPM modes. The following criteria were used: 


(1) A mode is currently used ot is a readily accepted means of passenger travel in Colorado, or 
(2) A mode can have significant impact on planning and project selection processes. 


While other modes may be reasonable and would add to the overall picture of the costs and benefits 
of the transportation system, these modes have little or no impact on the types of decisions this 
research attempts to enhance. For instance, the CPM research is only concemed with passenger 
gtound transportation; therefore, tricks, freight rail and air transportation are not included. Modes 
that do not currently operate in Colorado may be added at a future date. 


The Common Performance Measures research will initially limit the modal choices to Single 
Occupancy Vehicle (SOV) travel, High Occupancy Vehicle (HOV) and High Occupancy Toll (HOT) 
travel, Bus Transit, Light Rail Transit, Commuter Rail, and Bicycle. Travel Demand Management 
(IDDM) is an important component, although strictly speaking, it is not a tue mode. A Pedestrian 
mode is also inchaded although it is expected that it will mainly be involved as a sub component used 
in the travel time calculations. Definitions of these CPM modes follow: 


SINGLE OCCUPANCY VEHICLE (SOV) TRAVEL refers to personal travel in a private vehicle and the 
vehicle occupancy average is calculated to be one person. 


HIGH OCCUPANCY VEHICLE (HOV) TRAVEL refers to personal travel in carpools and vanpools. The 
impact of this mode involves alternatives that include use of high occupancy vehicle lanes. 


HIGH OCCUPANCY TOLL (HOT) TRAVEL refers to personal travel in SOVs that travel in existing HOV 
lanes by paying a fee or toll. 


BUS TRANSIT refers to travel in a professionally operated rubber tired on-road transit vehicle. The size 
of the vehicle can range from a five passenger van to a 60 passenger articulated coach. 


LIGHT RAIL TRANSIT refets to travel in a mil vehicle, which depends on an overhead catenaty power 
system and runs on railroad tracks. The tracks may be located either in a separated rail nght of way or 
within existing roadways. 

COMMUTER RAIL refers to ttavel in passenger rail vehicles running on tracks that meet national railroad 
system standards and links outlying portions of a region to business activity centers. 


BICYCLE refers to travel on a non-motorized, self-propelled two or three wheeled vehicle. This mode 
is included because certain transportation funding decisions such as building shoulders to 
accommodate bicycle riders safely or allocating enhancements funds for bicycle projects ate a 
common part of Colorado’s transportation system choices. 


PEDESTRIAN is the final mode that needs to be factored into calculations. This mode, which refers to 
travel accomplished by walking, should be considered because a portion of most trips may be 
completed using the pedestrian mode in combination with other modes listed above. For example, a 
person may walk from a business to a bus stop and then ride the bus to a park and ride lot whete the 
person drives home in a private car. To accurately account for costs, the walking time is often priced 
differently from the riding and driving time. 
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TRANSPORTATION DEMAND MANAGEMENT (TDM) is an element that is relevant to the research tasks, 
but does not easily fit into the analytic framework. TDM can be broadly defined as a number of 
strategic actions that can be undertaken to solve particular transportanon problems. TDM often 
includes supporting changes in individual behavior where the desired result is a change m modal 
share. For example, one TDM strategy might include raising parking fees to encourage use of transit, 
bicycles or walking and discourage the use of SOVs. TDM can also encompass use of new 
technologies often referred to as Inteligent Transportation Systems (ITS) An ITS example is 
providing real-time travel information for 2 number of modes. TDM can also be directly tied to one 
mode such as administrative and operating support fot ndeshating programs. The televancy of TDM 
measures to the success of modal choices 1s clear. What remains unclear is how the multi-faceted 
nature of TDM measures can be generically accounted for by this research. 
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Chapter 


Developing and Analyzing a 
Project 


Projects and Problems 
The most common types of problems that are amenable to analysis are congestion, safety, and air 


quality. 


a 


Congestion of all forms from stop-and-go traffic on freeways to long queues on main 
streets. Projects that increase highway capacity (additional SOV, HOV, or HOT lanes) 
are traditional solutions to congestion problems. New or improved transit systems (Bus, 
LRT, CRT) and non-motorized modes (bike paths, pedestrian paths) can also be 
solutions to congestion problems. 

High nutnbets of accidents and/or fatalities. Projects that change highway geometry or 
intersection configuration can be solutions to safety problems. 

Environmental problems such as the need to lower vehicle emissions to meet air quality 
requitements. New or improved transit systems and non-motorized modes can help with 
air quality problems. 


Analysis Hierarchy 
The methodology explained here can be used at several levels of decision making: 


Q 


At the top level, proposed projects of vanous actions can be compated to one another in 
terms of net social benefit. 

The next level down, individual corridors or projects can be analyzed independently of, ot 
compared to, other cortidors or projects. 

In the third level, various solutions to a mobility problem within a corridor or project can 
be compared. 


Most of the discussion in this chapter is focused on the third level. The higher levels are not covered 
in this discussion. 
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Project Analysis 
The process to analyze a project is carried out with the aid of the worksheets described below, which 
ate available in spreadsheet form. A disk with a Microsoft Excel spreadsheet file is contained in the 
back pocket of this report. The MOE and EEA worksheets and detailed instructions are available in 
Chapters Three and Four, respectively. The Enabwation Process Deasion Tree (Figure 2.1) on the 
following page illustrates the vatious components to an EEA or MOE analysis. 


Choosing a Framework 

The analyst must decide which framework(s)—economic efficiency and/or measures of effectiveness— 
by which to examine the project. It is highly recommended that both the MOE and EEA 
approaches be applied to a project. In fact, one can not conduct an EHA analysis without having 
completed the MOE analysis first. 


MOE Analysis Process Steps 
To begin the analysis of a project, one must conceptualize the altematives to be examined, collect 
baseline data pettinent to those alternatives and the chosen framework(s), and aggregate the corridor 


into logical segments. 


A User Input Table is provided to organize needed baseline data by framework and altemative type. A 
descnption of this table and a copy of the table are provided later in this chapter. Suggestions for 
agerepating the corridor segments are also described in this chapter, as are sources for retneving 
baseline data. Reference tables and site specific tables are provided in the appendix. 


The process steps for conducting an MOE analysis include the following steps: 


1. Complete the User Input Table by descxibing the corridor and alternatives to be analyzed, 
and gather baseline data for the chosen framework. 


2. Define the corridor segments. 


3. Calculate baseline yeas MOEs for each segment. The baseline year is a recent year for 
which data needed for the MOEs (eg, traffic volumes or population counts) are 
available. 


4. Calculate MOEs for future years for each segment. Each year for which MOEs are 
calculated 1s called an analysis year. The number of analysis years depends on the useful 
life of the project, the methodology being employed, and the planning horizon being used 
in the TPR plan. If onfy the MOE approach is to be applied, one future yeat is sufficient 
(e.g., year 2020). However, if the EEA approach 1s applied, then at least two future years 
need to be considered to perform the MOE and EEA calculations. Intervals between 
analysis years must be no longer than 10 years (e.g., years 2010 and 2020). 
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Identification and Description of Corridor to Analyze 


Quality) for Base Case 


Existing conditions in terms of MOE’s (Mobility, Safety, and Air 


Modeling Approach: 
- Simplified spreadsheet technique. Data Collection: 
- Network-based analysis of area 
surrounding the corridor. - Expected growth. 
- Analysis period selected. - Default or site-specific parameters 


Description of Alternatives and Scenarios to be Evaluated: 
( No-build, Transit, and/or Additional highway capacity ) 


Model output: 
( Results in terms of MOE’s for all alternatives considered ) 


Ranking of Altematives based 
on Economic Efficiency 
Analysis 


Ranking of Altematives based 


on Performance Measures 


Measures of Eff. for 
Alternative 1 


Net Social Benefit for 
Alternative 1 
Net Social Benefit for 
Altemative ... 
Net Socia! Benefit for 
Alternative n 


Measures of eff. for 
Alternative ... 

Measures of eff, for 

Alternative n 


Figure 2.1. Evaluation Process Decision Tree. 
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5. Calculate the No-Build scenario for each analysis year and segment selected under step 
four in order to examine the conditions if the project were not built. One pass through 
the No-Build worksheets is needed for each analysis year. 


6. Develop the Project or Altemative (“Build”) scenarios for each segment with 
assumptions about travel pattems as if the project were in place for each of the analysis 
yeats. One pass through the Alternative worksheets is needed for each analysis year. 


At this point in the process, MOEs will have been calculated for the baselme, build and no-build 
scenatios fot each segment and analysis year. The analyst can summarize the results onto the 
summaty sheets and begin to make comparisons between the scenarios (see Chapter Five), or the 
analyst can move onto the development of the EEA. 


EFA Process Steps 

After completing the MOE analysis, the analyst would complete the economic efficiency worksheets 
to calculate NSB for the project. Orie pass through these worksheets is needed for each analysis year 
for user, safety, and air quality benefits. Remember that EEA may require the analysis of more than 
one future year (e.g., years 2010 and 2020). Agency cost and NSB worksheets are used only once 
because they summarize for all analysis years. In the case of an analysis with two or more alternatives, 
the process must be repeated for each alternative. 


User Inputs and Project Description Checklist 


The purpose of the User Input Table is to provide a convenient place for the analyst to record 
information that is needed to complete the worksheets and tables for the effectiveness and efficiency 
analysis. Before a proposed project can be analyzed, a complete description of the comidor or project 
is needed to determine the conditions under which the analysis will be done. User input falls within 


the following categories: 
Q Analysis Information (e.g., current and future yeats, analysis period, etc.) 
Q General Project Information (e.g., project description, description of alternatives, etc.) 


Q Project Information for MOE Analysis (¢.g., capacity rates, occupancy rates, volumes, 
mode splits, cost information, etc.) 


Q Project Information for EEA Analysis €g., value of time, price elasticity per mode, etc.) 


Form UI provides 2 checklist of most input data required to analyze a project or corridor. It consists 
of three tables containing general and mode specific information at the comidor and segment levels. 
Some data items are included in the MOE forms instead of Form UI (eg., capital, operating, and 


rmaintenance costs). 
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FORM UI: USER INPUT AND PROJECT/ALTERNATIVE DESCRIPTION CHECKLIST 


Project Location / Name: 


A. Analysis Information 


Analysis Time | Analysis Analysis Baseline Year | Decision 


Congested 


Period Congested 
Periods / Day 


B. General Project Information 


Project Description 


Future Alternatives 
Proposed 


Length of Corridor 


(in miles) 


C. Project Information for MOE Analysis 


Number of Corridor 
Segments 


Analysis Period trips 


as a % of AADT 


Analysis Year 
(1) - Start 
Construction 


D. Project Information for EEA Analysis 


Capital cost / lane 
or track /mile 


ROW Cost / mile as 
a % of Capital cost 


Annual M&O costs 


Interest rate used for 
discounting 


Useful life of Asset 


Value of Time in 
dollars per hour 


Fare per trip in 
dollars.(for transit 
modes only) 


Price elasticity (for 
motorized modes 
only) 


Analysis Year 


Form UI (cont'd) 


Occupancy rate per passenger car 


Capacity per train car / bus (seats) 
under alternative 


Number of trains / buses per 
analysis period under alternative 


Average speed in miles per hour 
Expected % growth in trips, from 
baseline to last analysis year 


% of passenger trips to switch to 
new mode in the analysis year 


% of highway capacity reduction 
dunng construction period 


Additional expected % grow in 
mpd due to improved alternative 


E. Project Information for MOE Analysis* — Mode Specific 


a ae 


Alpha value for highway travel- 
time function 


Beta value for highway travel-time 
function 


* All MOE inputs are required to do the Economic Efficiency Analysis 


Form UI (cont’d) 


F. Segment Specific Information by Mode for MOE Analysis* 


Number of baseline 
lanes per direction 


Number of lanes / | 

tracks / paths to be 

added by alternative 

Capacity per lane in NA NA NA | NA NA 
vehicles per hour. 

i aia aE: 
speed 

Number of buses NA NA NA NA NA NA NA 
under alternative 

Number of cars per NA NA NA NA NA NA 
train under alternative 

Segment Length, in Lat 

miles 


direction for baseline 


*Repeat this form for every segment in the corridor 


Definition of Corridor Segments 


Most of the highway data contained in the { ee er ree 
CDOT GIS database is organized by relatively ; 


short links (about one mile or less). Given that Vanes 

study corridors are usually longer than a few Pincrienel Class 

miles, agpregation of the links into longer Speed 

segments is needed in most cases in otder to Volume 

obtain MOEs or to perform EEA using Congestion Level 

worksheets. Groups of highway segments can be Length of Existing Transit Mode 


aperegated according to the following conditions: 


Q Lanes. Similar number of Janes (Le., consecutive segments with the same number of Janes 
can be grouped to form one segment). 

Q Functional Classification. Similar functional classification (Le., consecutive segments with 
the same functional classification can form one segment), 


Speed. Similar speed limits. 


Volume. Similar volume or congestion levels (Le., consecutive segments with approximately 
the same volume or congestion level can form one segment). 


Q Length. Length of existing travel modes (i.e., in rural or suburban areas segment groups 
based on number of lanes, functional classification, etc., can be split if there are major stops 
for transit lines within these segments). If different transit modes are considered these should 
have the same length, with stops at the end of each segment. 


Since each corridor segment requires one pass through the set of worksheets, attention should be paid 
to define segments of appropriate length so as to avoid having an unnecessary large (more than five) 
number of segments to analyze. When the number of cortidor segments obtained by applying the 
ptevious conditions is greater than five agpregation into longer segments can be accomplished by the 
following rules: 


Q For cases in which a segment was split based on speed limits, for two or more adjacent 
segments with speed limits within 5 to 10 mph difference, take the average of the speeds and 
make only one segment. 

Q For cases in which a segment was split based on functional classification, fot two or more 
adjacent segments with speed limits within 0 to 10 mph difference, disregard the difference in 
functional classification and make only one segment. 

O For cases in which a segment was split based on volume of trips, for two or more adjacent 
segments with speed limits within 0 to 10 mph difference, take the average of the volumes 
and make only one segment. 


Obtaining Data for Worksheets 
Different options for obtaining the input data to estimate MOEs for the scenarios analyzed consist of 
using: (1) default values, (2) site specific data, (3) existing local data (Le., county data, transit agency 
data), and (4) data from CDOT’s GIS planning database. Some data items available at CDOT are 
shown 1n the next table. 
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Data from CDOT’s GIS planning database 


Highways 
Beginning Post Mile (BEG_RP) 
End Post Mile (END_RP) 

| Segment Length SEG_LENGTH) 
Average annual Daily Traffic (AADT, AADT20) 
VMT-based fatal crash rate (FAT_RATE) 
Functional Classification (FUNCCLASS) 
Number of lanes (THRU_LANES) 
Speed limit (SPEEDLIM) 


Public Transit 

General data about transit agencies by county or TPR 

Service Type (Le. resort, demand tesponse, fixed route, elderly /disabled) 
Service Area 

Operating Characteuistics 

Capital, Administration, and Operating Costs 


Reference Tables 

A series of reference tables give default values and information regarding many of the vatiables used 
in filling out the worksheets. Also, since in some locations or cases, analysts may wish to use values 
that more closely teflect conditions in the area of the project, some of the reference tables include 
guidelines to estimate site specific data. These tables can be found in Appendix One. 


Reference Tables 


Table R1 Crash and Fatality Rates 

Table R2 Capital Costs 

Table R3 Economic Indicators 

Table R4 Elasticities 

Table R5 Emissions by Mode 

Table R6 Emissions by County 

Table R7 Transit Fates 

Table R8 Maintenance and Operating Costs 

Table RO Current and Future Travel Volumes by Mode - 
Table R10 Maintenance and Operating Component Elements 
Table R11 Highway Travel Time Relationships 

Table R12 User Costs 

Table R13 Value of Time 

Table R14 Average Travel Speed for Transit 

Table R15 Capac 

Table R16 Average Percentage of Daily Trips per Hour 

Table R17 Maximum Theoretical Capacity for Highway and Transit Modes 
Table R18 Bike and Pedestrians Benefits 
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Chapter 


Analyzing a Project Using MOEs 


Automated Spreadsheet or Manual Worksheets 


Two options are available to obtain the MOEs requited to perform the simplified corridor planning 
analysis; manual forms or automated spreadsheets. 


Manual Worksheets Version 

Printouts of template worksheets from the “Manual MOEs” spreadsheet file included in the attached 
floppy disk can be used to perform all calculations by hand. Because of the extensive data input 
fequitements, manual worksheets are not recommended for comidor analyses involving more than 
thtee segments. 


Spreadsheet Version 

An Excel spreadsheet program containing template worksheets by segment is ptovided to calculate 
Agency Cost, User Cost, Mobility, Safety, and Air Quality MOEs. The use of the spreadsheet 
program is recommended over the manual worksheets piven the savings in data input, flexability, and 
speed of the process. 


The user enters segment data for the baseline case and the different alternatives as explained in 
Chapter Two. Each worksheet is repeated five times (for up to five different segments) in the 
spreadsheet provided. Once the required data 1s entered in the colored cells of the different 
spteadsheet pages, the remaining cells in these pages are automatically filled) Agency Cost, User Cost, 
Mobihty, Safety, and Environmental MOEs for the baseline and analysis years are calculated and 
tabulated in the corresponding summaty worksheets by segment and by direction. Summary 
worksheets that condense all segment summaries for analysis petiod and year are then produced to 
report cortidor MOEs. 


When there is more than one analysis yeat one spreadsheet file is completed up to Worksheet C and 
then copies are produced for each of the analysis years considered. For example an Excel spreadsheet 
for a particular alternative can be named ProjectName-Alternattve Number.xls and if the analysis years 
are 2005, 2010, 2015, and 2020, four copies (one for each analysis year) can be made with names such 
as ProjectName-AltemativeNumber-2005.xls, Project Name-AlternativeNumber-2010.xls, etc. 
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When more than five segments are needed to represent the analysis corridor, worksheet ternplates can 
be added at each of the spreadsheet pages. All segment worksheets in the different pages of the 
spreadsheet are placed at the same separation from each other (every 18 columns). That is, all 
worksheets for segment 1, segment 2, etc., begin at the same column. Segment 1 worksheets begin at 
column B, segment 2 worksheets begin at column T, segment 3 worksheets begin at column AL (18 
columns after cohimn T), etc. This separation should be maintained when copying additional 
segment worksheets (after the fifth) in order for the formula cells to be correct. For example, all 
worksheets for segment 6 can be produced by copying the worksheet for segment five and placing 
this copy in column CN (18 columns after the beginning of segment worksheet 5, in column BV). 
For segment 7, the worksheet copied should be placed in column DF (18 columns from column CN), 
etc. 


Sequence of MOE Worksheets 

Figute 3.1 shows a flow-chatt of the sequence in which the worksheets are processed. The Agency 
Cost, User Cost, Mobility, Safety, and Environmental MOEs are obtained by sequentially filling the 
wotksheets labeled A through M. Worksheets A through C are filled for each segment in the 
cottidor, whereas Worksheets D through I need to be filled for each segment and for each analysis 
year. Only one set of Worksheets J-1 through M is filled for each analysis year considered. 


Figure 3.1 also describes the purpose behind the first and second letters of the worksheet labels. For 
example, the second lettets of the worksheet label (Le., a, b, c, d, e, and f in Worksheets B-a, B-b, etc.) 
refer to worksheets relevant to passenger cars, Bus, LRT, CRT, Bike, and Pedestsian travel modes 
respectively. The numbers 1 and 2 on the labels (1e., 1, and 2 in B-al, and B-a2) refer to parts 1 and 2 
of the worksheet. Worksheets B-al, B-a2, E-al, E-a2, H-al, and H-22 are used to estimate MOEs for 
passenger vehicles using different highway lanes SOV, HOV, or HOT). Forms for SOV, HOV, and 
HOT are vertically arranged in the autotnated spreadsheet. On the other hand, when manual forms 
are used, a different worksheet is needed for each of the lane types. That is, one, two, or thtee sets of 
Form B-a, E-a, and H-a are used to calculate passenger car MOEs when one, two or three highway 
lane types exist in a particular alternative. 


Description of Worksheets 


Description of each of the manual worksheets follows. Manual forms can be found in the “Manual 
MOEs” spreadsheet file in the attached floppy disk. 


FORM A: Baseline Conditions Conidor Data 
Form A contains data on baseline corndor conditions and the number of trips by available mode 
for each direction for each segment. These base data consist of: 


Corridor Identification. A label identifying the corridor analyzed. This label is common to all MOE 
forms. 


Baseline Year. The baseline year is the most recent year for which data are available. This entry is 
common to Forms A through D and also Forms K-1, K-2, and M. 
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FORM A 


Corridor Description and Baseline Data 


FORMS B-al to B-S 
MOEs for Segment # nm Under Baseline 


Repeat n timas, Conditions 
n= number of ] 
segments 


FORM C 
Summary Table for 
Baseline Corridor Travel Conditions 


FORM D 
Expected Corridor Travel Conditions under 
No-Build Scenario for Segment # n 


FORMS E-al to E-S 
MOEs for Segment # n under the 
NO-BULLD Conditions for existing modes 


FORM F 
Summary Table for MOEs for 
No-Build Travel Conditions 


Repeat n times, for x years FORMS G-1 and G-2 

n= number of segments Expected Travel Conditions under an 
x= number of future years Alternative Scenario for Segment # n 
analyzed 


FORMS H-al to H-S 
MOEs for Segment # n for existing modes 
under the Alternative considered 


FORM I 
Summary of Segment Travel Conditions 
under the Alternative Scenario 


FORMS J-1, J-2, K-1, and K-2 
Corridor Agency Cost, M&O Cost under the 
Alternative Scenario, and Summary of 
analysis period Corridor MOEs 


Repeat x times 


FORM L and M 
Corridor User Costs and Summary of 
Corridor annual MOEs 


Figure 3.1 Sequence of MOE Worksheets 
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Typical Naming Convention for 
Fortos B, E, and H: 


Mobility MOEs in Forms X-al to 
X-S 


FORM X-a --—for Passenger Cars 
FORM X-b --—for Bus 

FORM X-c -~-—-for Light Rail 
FORM X-d -----for Commuter Rail 
FORM X-e -----for Bicycle 

FORM X-f —--for Pedestrian 


FORM X-aland X-a2... for 
passenger cars, pact 1 and 2 


FORM X-AQ --~-Air Quality MOEs 
for all modes 
FORM X-S ——-Safety MOEs for all 


” modes 


Number of Hours for Analysis Period. The length of the analysis period will range from 1 to 24 hours. 
The analysis period chosen will determine the units for some of the baseline data and also, the units in 
which the MOEs will be calculated. Since congestion is an important factor in the calculation of user 
costs, mobility, and emissions, analyzing the peak hours is generally preferred instead of all 24 hours. 
Twenty-four hours analyses do not account for the changing intensity of travel and therefore, 
congestion is generally not well represented. 

Analysis Period Label. This entry is a label which describes the analysis period. For example, it might 
be 24 hours or a two-hour peak period (Le., 4:30 to 6:30 PM). 

Number of Corridor Segments to be Analyzed. The number of segments in which the cornidor is divided. 
The manual version tecommends no mote than three and the electronic version is configured for up 
to five segments. 

Bagoline Travel Conditions for Available Modes. A tabulation of the number of trips using each of the 
existing travel modes. Directional trip counts per analysis period by all existing modes must be 
available or estimated for the baseline yeat. The numbers of trips are entered per direction of travel 
for each of the corndor segments in the table of Form A. The volumes for SOV, HOV, and HOT 
should be given in passenger vehicles, whereas for the transit (LRT, CRT, and Bus) and non- 
motonzed modes, vohimes are entered in passengers trips. 


FORMS B-s through B-S: Baseline Conditions Forms 

Forms B-a through B-S describe the baseline MOEs for each of the existing travel modes one 
segment at a time. Once the corridor and numbet of segments ate defined, the requited baseline 
MOEs for each segment are calculated for each existing travel mode. For each corridor segment 
and each travel mode considered, measures of speed, travel time, hours traveled, miles traveled, 
crashes, fatalities, and emission of pollutants are calculated. 


FORM B-at: 

Entry 1 — Length of Segment. In miles (not lane miles). This entry is common to all mode- 
specific forms. 

Entry 2 — Type of Lanes. Entry 2 indicates the lane type of the highway segment. In the 
automated spreadsheet, forms for three different lane types are vertically aligned beginning with 
the SOV and following with the HOV and HOT. When manual forms are used, one set of 
Forms B-a is needed for each highway lane type examined for a particular scenario. 


Entries 3 and 4 — Number of Lanes (per segment, by direction). 


Entry 5 — Capacity per Lane per Hour. Capacity in number of vehicles per hour per lane. Ranges 
of capacity values for typical conditions are suggested but the user is referred to the Highway 
Capacity Manual for a more accurate estimation of capacity involving uninterrupted and 
interrupted flow facilities (See Reference Table R15). 

Entries 6 and 7 ~ Vehicle Capacity per Direction. Obtained as the product of the number of lanes 
per direction times the capacity per lane pet hour times the number of hour for the analysis 
period. 

Entry 8 — Free-flow Speed. Vehicle speed under very light traffic conditions. Free-flow speed is 
calculated here as the posted speed limit plus five (in miles per hour). 


Entry 9 — Free-flow Travel Time. Travel time under very light traffic conditions obtained by 
dividing the length of the segment over the Free-flow speed. 
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Entries 10 and 11 — Parameters for the Travel Time Function. The parameters alpha and beta are 
used to calculate the highway segment travel time by direction for the scenario considered based 
on the level of congestion (See Reference Table R11). 


Entries 12 and 13 ~ Volume-to-Capacity Ratio. The volume-to-capacity ratio can be though of as a 
measure of capacity utilization in terms of passenger cars. Alternatively, if the average 
occupancy and average maximum occupancy in persons per passenger car is used, a measure of 
capacity utilization in terms of people moved can be obtained. 

Entries 14 and 15 — Segment Travel Time (per direction). Highway segment travel time (in hours) 
is a function of the Free-flow travel time, the alpha and beta parameters, and the level of 
congestion represented by the V/C ratio (See Reference Table R11). 

Entry 16 — Vehicle Occupancy. The average number of persons using a passenger car during the 
analysis period. The national average occupancy for all kinds of tnps is close to 1.5 persons pet 
vehicle, whereas for trips to work is about 1.1 persons per vehicle. Average occupancy for HOV 
lanes can be taken as 2.5 persons per vehicle. 


FORM B-a2: 

Entries 1 and 2 — Average Speed per Direction. Obtained by dividing the segment length over the 
segment travel time (in miles per hour). 

Entries 3 and 4 — Vehicle-Hours Traveled per Directlon. Obtained as the product of the volume 
per analysis period times the segment travel time. 

Entries 5 and 6 — Vehicle-Miles Traveled per Direction. Equals the product of the length of the 
segment times the number of tops for the analysis period. 

Entries 7 and 8 — PassengerMiles Traveled per Directlon. Obtained by dividing VMT over the 
average vehicle occupancy for the pexiod analyzed. 

Entry 9 — Total Segment VMT both Directions. Obtained by adding cells 5 and 6. 

Entry 10 — Annual VMT. Obtained by dividing total VMT by the percentage of the AADT 
represented by the volume of trips during the analysis period and by multiplying by 365 (days 
pet year). The total analysis period volume as a percentage of AADT may be obtained from 
available counts for the corridor analyzed by dividing the analysis period volume over the total 
daily volume. If counts for the period analyzed are not available, national average hourly 
percentages can be used (See Table R16). 


FORMS B-b, B-c, and B-d (Transit Modes): 
Entry 2 ~ Number of Transit Vehicles (Buses, or LRT/CRT cars). Per direction per analysis period (See 
Table R15). 


Entry 3 — Capacity per Transit Vehicle (Bus, LRT, or GRT). Number of seats per transit vehicle (bus 
or train car), (See Table R15). 

Entry 4 — Average Transit Vehicle Speed (Bus, LRT, or CRT). In miles per hour Gee Table R14). 
Entry 5 — Transit Vehicle Capacity (Bus, LRT, or CRT). Total number of transit vehicle seats per 
analysis pentod per direction. 

Entry 8 — Transit Vehicle Travel Time (Bus, LRT, or CRT). The travel time for transit vehicles is 


assumed fixed (does not vary with the volume of trips), and is obtained by dividing the length of 
the segment over the specified average speed for the transit mode. 
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Entries 7 and 8 — Capacity Utilization per Direction. Ratio of the number of passenger tups using 
transit (per direction) over the total number of seats available per direction. 


Entry 9 — Average Occupancy per Transit Vehicle (Bus, LRT, or CRT). Ratio of the total volume of 
trips using transit over the total number of transit vehicles (both directions). 


Entry 10 — Transit Vehicle Hours Traveled per Direction (Bus, LRT, or CRT). Equals the product of 
the number of transit vehicles per direction times the travel time per transit vehicle. 


Entry 14 -— Transit Vehicle Miles Traveled per Direction. Equals the product of the number of 
transit vehicles per direction times the segment length. 


Entry 12 — Passenger Miles Traveled per Directlon, Obtained as the product of the transit vehicles 
miles traveled times the average number of passengers per transit vehicle. 


Entry 13 - Total Segment VMT both Directions. Obtained by multiplying cell 11 by 2 (two 
directions). 

Entry 14 — Annual VMT. Obtained multiplying total VMT by 365 (days per year) and drviding by 
the percentage of the AADT represented by the volume of trips during the analysis petiod. The 
total analysis period volume as a percentage of AADT may be obtained ftom available counts 
fot the cottidor analyzed by dividing the analysis period volume over the total daily volume. If 
counts for the period analyzed are not available, national average hourly percentages can be used 
(See Table R16). Note that an annual amount may be different if service runs less than 365 days 
per year. 


FORMS and B-f (Bike and Pedestrian): 
The calculation of MOEs for the Bike and Pedestrian modes is similar to the transit cases, 
except that no capacity calculation is included. 


Entry 2 — Average (Bike or Pedestrian) Speed. In miles per hour. For pedesttians the average 
speed varies from 150 to 260 feet/min (1.7 to 2.9 mi/ht) as shown in Table 13-3 of the 1994 


HCM. 


Entry 3 — Travel Time (Bike or Pedestrian). Ratio of the segment length over the average Bike or 
Pedestrian speed in hours. 


Entries 4 and 5 — Hours Traveled per Direction (Bike or Pedestrian). Equals the product of the 
nutnber of bikes or pedestrians per direction times the travel time. 


Entries 6 and 7 — Miles Traveled per Direction (Bike or Pedestrian). Equals the product of the 
number of bikes or pedestoans per direction times the segment Jength. 


Entry 8 — Total (Bike or Pedestrian) Hours Traveled. Summation of (bike or pedestrian) hours 
traveled for the two directions. 


Entry 9 — Total Segment VMT both Directions. Obtained by adding cells 6 and 7. 


Entry 10 — Annual VMT. Obtained dividing total VMT by the percentage of the AADT 
represented by the volume of trips during the analysis period and by multiplying 365 (days per 
year). The total analysis pesiod volume as a percentage of AADT may be obtained from 
available counts for the corridor analyzed by dividing the analysis period volume over the total 
daily volume. If counts for the period analyzed are not available, national average hourly 
percentages can be used (See Table R16). 
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FORMS B-AQ: Air Quality MOEs 
Entries 1 to 8 = Emissions per Mode In Tons of Pollutants per Year. Obtained multiplying the 
annual VMT for each of the modes (PMT for bike and pedestrian) by the emissions rate for the 
respective mode, and dividing by the number of grams per ton (See Reference Table R5). 


FORMS B-S: Safety MOEs 

Entries 1 to 8 — Number of Crashes per Made per Year. Obtained multiplying the annual VMT for 
each of the modes by the crash rate for the respective mode (See Reference Table R1). 

Entries 9 to 16 ~ Number of Fatalities per Mode per Year. Obtained multiplying the annual VMT 
for each of the modes by the fatality rate for the respective mode. 


FORM C: Summary of Baseline MOEs for each Segment 

Form C is a2 summary table for all MOEs calculated for the baseline scenario for all existing 
travel modes. The cells in this worksheet are filled from Forms A and B-a through B-f by 
entering the values of the MOEs indicated. Most MOEs in this Summary Form are entered by 
direction of travel and by analysis period (Le., Total trips, Travel time, VHT, VMT, Average 
speed, Average V/C ratio, and PMT). Other MOEs such as Emissions, Number of crashes, and 
Fatalities are entered per year by segment (both directions). 


FORM D: Expected Percentage Increase In Trips 

User input should be entered in Form D to indicate the expected percentage growth in the 
nutnber of trips. Expected growth fotecasts from agencies such as MPOs, DOT, and others are 
preferred whenever available. If growth factors for the area affecting the corridor and modes 
analyzed ate not obtained from agencies, the user can apply trend extrapolation or use 
judgement to determine a reasonable estimate of the expected growth. The magnitude of the 
expected inctease in the number of trips is very important, since this will determine congestion 
levels and will impact the process of alternative selection. Thus, care should be taken when 
adopting these growth rates to ensure realistic values. Growth percentages for the existing 
noodes are used to estimate the future number of trips as shown tn Form D. 


Analysis Year. The analysis year indicates the horizon year (usually matching the 20th year 
planning horizon) where the proposed alternatives will be compated against the No-Build 
scenatio. The analysis year also incorporates intermediate years when calculation of benefits and 
costs are required (e.g., every fifth or tenth years). This entry is common to Forms D through 


Entry 1 to 8 — Expected percentage growth In the number of trips for each of tho existing modes. 
The expected percentage growth in trips to occur between the baseline and analysis year for each 
of the existing modes of travel, and for each segment. 


Entries 9 to 24 — Analysis volume per travel mode per direction. Volume of expected trips per 
travel mode obtained by adding the number of baseline trips plus the expected increase in trips 
for each of the travel modes. 


FORMS E-a through E-S: MOEs under the No-Build Scenario 
Forms E-a through E-S desctibe the No-build scenario MOEs for each of the existing travel 
modes for each segment. The format of Forms E-a—E-S is similar to the format for Forms B-a 


through B-S. 
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FORM F: Summary of No-Build conditions 

Form F is a summary table for all MOEs calculated for the No-Build scenario and follow a 
format similar to the summary Form C for the baseline scenario. The cells in this Form are 
filled from Forms D and E-a through E-S by entering the values of the MOEs indicated. 


FORMS G1 and G-2: Expected Change in Trips by Mode due to a New or Improved Mode 

User input is also requited to indicate the expected change (inctease/decrease) in the number of 
trips to occur if a new mode or an alternative were to be implemented. These data are enteted 
in Forms G-1 and G-2. The alternative considered is indicated at the top of the Form, and then, 
the total passenger ttips by all modes duting the No-Build scenario is calculated. The user is 
then requested to enter the percentage of passenger trips that will likely switch to the new or 
improved mode and then, this percentage is used to calculate the number of trips by direction 
using the new mode. After this, the expected increase/decrease in trips to occur once the 
ptoposed alternative is in place is enteted for each of the existing travel modes beginning with 
highway modes in Form G-1. The rest of the input for all other modes is entered in Form G-2. 
Finally, with these relative expected changes, the number of trips under the proposed scenatio 
for all travel modes involved is calculated. 


For example, assuming only two modes for the future No-Build conditions (200 trips use Bus 
and 2000 use SOV), if an LRT system is proposed for the analysis scenario year, the expected 
percentage of the total passenger trips to switch to the new LRT mode may be estimated to be 
12 percent. That is, the total passenger trips for the No-Build scenario is 2600, which equals 200 
plus 2000*1.2 (assuming occupancy to be 1.2 persons per vehicle). 12 percent of this total will 
be 312 trips switching to the LRT mode. The user then, has to indicate how many of these 312 
trips will be taken from the highway and how many will be taken from bus. For example, we 
can assume that 216 passenger trips will be removed from the highway and 96 from bus. 216 
passenger trips are equivalent to (216/1.2) 180 vehicle trips and therefore, the number of 
highway trips for this alternative scenario will be 1820 (2000 minus 180), whereas for bus it will 
be 104 (200 minus 96). 


Form G-1: Expected Travel Conditions for Alternative Scenario (Part 1) 

Entries 1 to 6 = Number of passenger trips by direction using highway lanes. Obtained by 
multiplying the number of vehicle trip for SOV, HOT, or HOT modes by the occupancy per 
vehicle. 


Entries 7 to 22 — Number of passenger trips for the No-Build scenario. Per direction pet mode. 


Entries 23 and 24 — Total number of passenger trips by direction. Obtained by adding up the 
number of passenger trips by each mode (entries 7 to 22). 


Entries 26 and 26 — Percentage of total passenger trips expected to switch to the new mode. The 
uset should enter the proportion of the total number of passenger trips that are likely to move 
from other existing modes to the new or improved mode. Judgement of the analyst is required 
to determine this percentage when a formal modal split study is not performed to estimate a 
more accurate proportion of trips using the proposed mode. 


Entries 27 and 28 -— Number of trips using the new mode by direction. Obtained multiplying the 
total passenger trips per direction by the percentages entered in entries 25 and 26. 


Entries 29 to 34 = Change in the number of passenger trips using highway modes due to the 
alternative considered. The user should enter the expected change (increase/decrease) in the 
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oumber of tups likely to occur if the proposed mode is implemented. To indicate a dectease in 
the number of trips a minus sign should be used. The expected change in the number of ttips, 
when a new mode is considered, can be obtained for example through stated preference surveys 
or (for a first approximation) using judgement. 


Entries 35 to 40 — Change in the number of highway vehicle trips due to the altemative considered. 
Obtained multiplying cell 29 to 34 by the occupancy rate per vehicle. A minus sign should be 
used to indicate a decrease in trips per mode. 


FORM G-2: Expected Travel Conditions for Alternative Scenarlo (Part 2) 


Entries 1 to 6 =~ Change in the number of passenger trips using highway modes dup to the alternative 
considered. From entries 29 to 34 in Form G-1. 

Entries 7 to 16 — Expected Increase/decrease in trips due to the alternative considered for each 
existing travel mode other than cars. The expected change in the number of trips by existing mode 
to occur because of the implementation of a new mode or because of the improvement of an 
existing travel mode, 


Entries 17 to 32 = Future travel conditions for existing modes per direction. Volume of expected 
ttips per travel mode obtained by adding the number of No-Build trips plus the expected 
inctease/dectease in the number of trips for each of the travel modes. In these entries, vehicle 
taps are used for highway travel and passenger trips for all other modes. 


FORMS H-a through H-S: MOEs under an Altemative Scenario 

Forms H-a through H-S describe, one segment at a time, the expected MOEs for each of the 
existing modes under the future alternative considered. The format of Forms H-a through H-S 
is similar to the format for Forms B-a through B-S and E-a through E-S. The MOEs under an 
alternative scenario are calculated as described for Forms B-a through B-S. 


FORM i Summary of segment MOEs under an alternative scenario 

Form J is a summary table for all MOEs calculated for the case when an altemative is 
implemented in the analysis year. The cells in this Form are filled from Forms G-2 and H-a 
through H-S by entering the values of the MOEs indicated. This Form follows a format similar 
to Forms C and F. 


FORM J-1 to +2: Capital and M&O Costs for the Alternative Scenario 

Forms J-1 and J-2 inclnde capital and M&O costs for the proposed alternative. In Form J-1 (capital 
costs) the Number of Components/Equipment 1 only applies to transit modes and indicate the 
number of buses or train cars, whereas the Number of Components/Equipment 2 (only for CRT) 
indicate the number of locomotives needed. In Form J-2, the Administration/Overhead for all 
modes is taken as 10%. 


FORM J-1: Corridor Capital Costs 
This worksheet will be filled out for each alternative to be analyzed. The user will first calculate 


the entire capital construction and/or purchase costs for the Altemative. The total amount can 
then be divided by the number of years over which the construction or purchase will be 
implemented to determine annual expenditures. 
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The entries are broken down by the eight modes. Because an alternative may involve more than 
one mode, entties can be under as many modes as needed with the Alternative Total showing 
the full amount. 


Corridor Length. This indicates the number of miles of the corridor analyzed. It is calculated by 
summing all the segment lengths affected by the altemative. It does not mean lane miles. 


Number of Additional Lanes/Tracks. Indicates the number of new highway lanes or the number of 
rail tracks for the alternative considered. This entry will not apply to bus service because it is 
assumed that bus service will run on existing roadway infrastructute. If dedicated busways are 
contemplated, that portion of the capital expenditures should be calculated under the HOV 
heading. 

Unit Cost per Lane/Track. This entry refers to genenic figures that are multiplied by the two 
preceding entries. Reference Table R2 offers the user a sampling of default values used in other 
studies. The user may also insert local figures if they are available. For instance, the addition of 
a general-purpose lane in each direction on an eight-mile corridor means multiplying 8 miles by 
2 lanes (one in each direction). The resulting figure is then multiplied by the unit cost per lane 
mule to determine a construction cost estimate. 


Number of Components/Equipment 1 and 2. These entries are necessary for elements that are not 
included in a construction cost estimates. For instance the purchase of buses or rail cars would 
be calculated using this entry. Another example might be tolling equipment. Each entry should 
only include the quantity of sumilar pieces of equipment. It may be necessary to calculate this 
entry several times when the alternative includes several different types of equipment. 


Unit Cost per Component/Equipment 1 and 2. The user is once again referred to Table R2 for 
suggested default values. The unit of measure is most often per a single component or piece of 
equipment. 

Subtotal. The value of this entry equals the sum of the construction costs plus the 
Component/Equipment costs. 


Preliminary Engineering %. This allows the addition of a preset percentage of costs to cover 
expenses related to early design and engineering components. The suggested amount is 17% 
which is calculated by CDOT" s Office of Financial Management and Budget (OFMB) using a 
three year avetage for CDOT projects. 

Construction Engineering %. ‘This allows the addition of a preset percentage of costs to cover 
expenses related to construction engineering management and oversight. The suggested amount 
is 11.7% which is an amount calculated by CDOT’ s Accounting Office using a combination of 
9% of constriction costs plus 30% of the 9% to cover indirect costs. 


ROW%. This allows for the addition of a preset percentage of costs to cover the acquisition of 
land for nght of way. The suggested amount is 7% which is an OFMB three year average. 


Total Capital Cost (per mode). The user adds the construction engineering, the preliminary 
engineering and ROW percentage amounts to the subtotal to determine a total cost for each 
mode. 

Altemative Capital Total. This entry adds together the different modal totals to show the amount 
that the capital and equipment purchases for the Altemative as a whole will cost. This total is 
calculated in millions of dollars. 


Number of Years to Construct/Purchase. This refers to the implementation schedule, if known. 
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Annual Construction/Purchase Costs. This is the total amount for the alternative divided by the 
nusober of years to construct to come up with a simplified annual amount. 


Total Equipment Cost at end of Construction. This entry shows the product of the number of 
components/equipment times the unit cost for these components/equipment and also includes 
a 10% for overhead expenses. 


FORM J-2: Comidor Maintenance & Operation Costs 

This worksheet gives the user the opportunity to include ongoing expenditures that ate 
necessaty to keep the capital asset or service in working order. It includes an item called Service 
Delivery Costs, which is meant to express the costs that transit operations (bus and tail) incur 
that could be compared to the out of pocket costs incurted by usets of the single occupancy 
vehicles. Because of the difficulty in obtaining truly comparable data, the worksheet expresses 
these costs as 2 percentage of the total operating and maintenance costs. 


Corridor Length. This indicates the number of miles of the comidor analyzed as defined in Form 
j-1. 


Number of Additional Lanes/Tracks. Same as described in Form J-1. 


M&O Unit Cost per Lane/Track. This entry refets to generic M&O figures that are multiplied by 
the two preceding entries. Reference Table R8 offers the user a sampling of default values used 


in other studies. 


Subtotal. This entry reflects the basic maintenance and operating costs of the alternative. It ts 
calculated by adding all the corridor segment lengths together and then multiplying the lengths 
times the number lanes/tracks times the unit cost. In the case of transit, the length of the 
corridor is multiplied by the number of vehicles traveling in each direction times the unit cost 
number. 

Administration/Overhead %. This entry represents a percentage added on to all projects to 
account for the costs associated with general administration and overhead. The suggested 
percentage is 10%. 

Total (per mode). The user adds the Administration/Overhead percentage to the ongoing costs 
to produce a total M&O cost. 


Alternative M&O Total (Annual). Summation of all annual M&O totals for all modes. 


Service Delivery Component %. The percentage of the Total M&O costs that can be attributed to 
offering passenger setvice and would be limited to the transit modes. The major components 
would be expenses fort service delivery workers (Le., wages and benefits for drivers, dispatchers, 
toll/fare collectors) and vehicle fuels. The suggested percentages for different types of transit 
ate included in Reference Table R10. 


FORMS K-1 and K-2: Summary of Corridor Mobility Conditions for Baseline, No-build, and Alternative 

Scenaries 

Forms K-1 and K-2 show mobility measures per analysis period by each direction (K-1) and 
both directions combined (K-2). These forms tabulate mobility MOEs for the Baseline, No- 
build, and Alternative scenanios. MOEs considered include: Number of passenger trips, 
Corridor travel time, Total VMT, Total VHT, Total PMT, Weighted mean speed, Capacity 
utilization, and Maximum theoretical capacity. Data to estimate averages and totals for all these 
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measures are obtained from Forms C, F, and I, except for Maximum theoretical capacity by 
mode. For this measure, values are obtained from Table R17. 


FORMS K-1: (Corridor Mobility MOEs for each Direction) 


Average Number of Passenger Trips per Direction. An average number of comridor passenger trips is 
estimated by adding up the product, for each segment, of the number of tps per segment times the 
length of the segment. This summation 1s then divided by the total length of the comidor according 
to the following equation: 


S #of Pass.Trips, * Length, / > Length, 


Where #of Pass.Trips, and Length, are the number of passenger trips and length of segment i 
(for f= 1 to 7). 

When vehicle trips are used, the result is multiplied by the average vehicle occupancy to obtain 
passenger trips. 

Corridor Travel Time. The corridor travel time per direction is just the summation of the travel times 
for each of the segments in the corridor. That is, for the Baseline conditions, the travel times reported 


in Form C for each of the segments are added together. For the No-Build case, we add the travel 
times in Form F, and for the Altemative scenario, the travel times in Form I. 


Vehicle Hours Traveled, Vehicle Miles Traveled, and Passenger Miles Traveled. These ate calculated is a 
simoilar fashion as the Travel Time. 


Weighted Mean Speed. The weighted mean speed for each of the modes for each direction is 
calculated as follows: 


> Speed, * Length, / sy Length, 


Where Speed, and Length, ate the speed and length of segment i (for i= 1 to n). 


Weighted Mean Capacity Utilization. This is estimated in similar fashion as the Weighted Mean Speed 
by replacing the Speed by V/C ratio or Capacity Utilization. For highway-vehicle modes capacity 
utilization is interpreted as the ratio of volume to highway capacity, whereas for transit modes the 
capacity considered refers to the transit vehicles. 


Maximum Theoretical Capacity. Maximum capacity in passengers per hour per lane/track under ideal 
conditions. See Reference Table R17. 


FORMS K-2: (Corridor Mobility MOEs for both Directions) 
Total Number of Passenger Trips both Directions. Summation of average number of passenger trips per 
direction from Form K-1. 


Corridor Average Travel Time per Direction. Weighted average of travel time by direction by number of 
passenger trips per direction, calculated as follows: 


S' Time ,*#of Pass.Trips, / S' #of Pass.Trips, 


Where TTime, and #of Pass.Trips, are the travel time and numbet of passenger trips for segment 
t (for i= 1 to n). 
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Total Vehicle Hours Traveled, Total Vehicle Miies Traveled, and Total Passenger Miles Traveled. These 
totals are calculated by adding up both direction of travel from Form K-1. 

Weighted Mean Speed and Average Capacity Utilzation. The weighted mean speed for each both 
directions and average capacity utilization are calculated in a fashion simular to the calculation of 
corcdor average travel time above. Replace Travel Time for Speed and for Capacity utilization 
respectively. 

Welghted Mean Speed for all Modes both Directions. Weighted average of mean speed times PMT for all 
modes both directions, calculated as follows: 


>! Speed, * PMT, / ‘Sy’ PMT, 


Where Speed, and PMT, are the average mean speed and total passenget-miles traveled for mode i 
(for }= 1 to 1). 


FORM L: Annual User Costs 

These costs ate intended to identify the annual out of pocket expenses for users of the transportation 
system. In order to estimate the number of annual VMT or annual number of trips, the analysis 
petiod totals are multiplied by 250 (weekdays in a year) and by 2 (two peak-penods in a day). Thus, 
only annual VMT or ttips under congested conditions ate considered. Some costs are only 
attributable to certain modes. 


Auto Gasoline. Annual component of variable costs due to gasoline consumption. It is 
calculated by multiplying a gasoline cost per VMT times the total number of annual vehicle- 
miles-traveled under the different scenatios evaluated. A default value of $.0625 per VMT is 
recommended in Table R8. 


Auto Parking Cost. The user estitnates the number of vehicle tips when parking fees ate 
expected to be charged and multiply that number times an average parking fee cost to calculate 
the annual parking cost. 

Auto Tolls. This element reflects expenses charged to use certain roadway facilities. The number 
of annual trips likely to use a toll facility is multiplied by the average toll charged to determine 
the annual cost. 

Transit Fares. The user estimates the annual number of trips that will be taken on transit and 
multiplies that number times the average fare to produce a total cost. 

Variable Costs. The expenses which change depending on the amount of travel done annually. 
This line is the sum of the four previous items by mode. 

Capital Cost of Purchase. This item refers to the vehicle purchase expenses incusted by users of 
the transportation system. It is mainly the purchase of a car for personal use, although it could 
also be bikes or other motorized vehicles used for commuter type travel Table R2 offers 
default values that can be linked to VMT. 


Insurance Cost. Refers to insurance cost for travelers using autos. A default rate per VMT 1s 
recommended in Table R8. 


Maintenance Cost. This item refers to expenses incurted to keep a personal vehicle in working 
order. See Table R8 for a default value linked to VMT. 
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Registration/Taxes. This item accounts for the annualized value that individuals must pay to 
opetate a petsonal vehicle. See Table R8 for a default value linked to VMT. 


Periodic Costs. These items tefer to expenses incurred by users of the transportation system 
which occur on a recurting basis but are not directly related to the amount of travel. This line is 
the sum of the four previous items pet mode. 


Total Annual User Costs. This line is the sum, for all the modes, of Variable and Periodic costs. 


FORM M: Summary Table for Corridor Annual MOEs 

Fotm M summarizes all MOEs by mode and total through all modes in an annual basis. Measures for 
Mobility, Air Quality, Safety, and User Costs are tabulated for the Baseline, No-Build, and Alternative 
scenatios. Measures for Capital Costs are only given for the Alternative scenario. 


Annual Number of Passenger Trips. Total number of passenger trips per year. Obtained by converting 
total analysis period trips (from K-2) to all day trips and multiplying by 365 days. 

Annual Number of Passenger Peak-hour Trips. Total number of passenger peak-period ttips per year. 
Obtained by converting total analysis trips (from K-2) to total daily peak-period trips and multiplying 
by the number of weekdays in a year. A recommended number for weekdays in a year is 250. If the 
analysis period consists of the morning or afternoon peak periods, then the analysis petiod can be 
multiplied by 2 to obtain the number of congested trips in a regular weekday. 

Annual Vehicle Miles Traveled. For SOV, HOV, and HOT these are obtained — for the Baseline 
scenatio- by adding up entries (10) in Form B-a2 for each of the segments; for the No-Build scenario, 
by adding up entries (10) in Form E-a2 for each of the segments; and for the Alternative scenario, by 
adding up entries (10) in Form H-a2 for each of the segments. 


For Bus, LRT, and CRT, annual VMT ate obtained by adding up entry (14) for each of the segments 
in Forms B-b, B-c, and B-d, respectively for the Baseline scenario. Forms E-b, E-c, and E-d for the 
No-build scenatio, and Forms H-b, H-c, and H-d for the Alternative scenario. 


For Bike, annual miles traveled are obtained by adding up entry (10) for each segment in Forms B-e 
for the Baseline scenario. Fotms E-e for the No-build scenatio, and Forms H-e for the Alternative 


scenario. 


Annual Congested Vehicle Miles Traveled. For all the modes and scenarios, these are obtained by 
multiplying the total VMT in Form K-2 by 250 days 2 analysis (peak) periods. 

Annual Passenger Miles Traveled. For SOV, HOV, and HOT these ate obtained —for the Baseline 
scenario- by adding up entries (7) and (8) in Form B-a2 for each of the segments, this total 1s then 
divided by the percentage of AADT accounted for during the analysis petiod and the result is 
multiplied by 365 (days per year). For Bus, LRT, and CRT, entries (12) in Forms B-b, B-c, and B-d 
ate processed as described above. 


For the No-build scenatio this calculation involves entries (7) and (8) in Form E-a2 and entries (12) in 
Forms E-b, E-c, and E-d. For the Altemative scenatio it involves entries (7) and (8) in Form H-a2 
and entties (12) in Forms H-b, H-c, and H-d. 

For Bike and Pedestrian, annual miles traveled ate obtained by adding up entries (10) for each of the 
segments in Forms B-e and B-f respectively, for the Baseline scenario. Forms E-e and E-f for the 
No-build scenario, and Forms H-e and H-f for the Alternative scenatio. 


Annual Congested Passenger Miles Traveled. For all the modes and scenarios, these ate obtained by 
multiplying the total PMT in Form K-2 by 250 days 2 analysis (peak) periods. 
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Annual Emissions. This is obtained —for the Baseline scenatio- by adding up, for each segment, the 
total emissions reported in Form C. For the No-build scenario, by adding up the total emissions in 
Form F (for each segment). And, for the Alternative scenatio, by adding up the total emissions 
reported in Forms I. 

Annual Number of Crashes and Fatalities. Number of annual crashes and fatalities are obtained —for the 
Baseline scenario- by adding up, for each segment, the total crashes and fatalities reported in Forms C. 
For the No-build scenario, by adding up the total crashes and fatalities reported in Forms F. And, for 
the Alternative scenario, by adding up the totals reported in Forms I. 

Annual Variable and Periodic User Costs. These totals are given in millions of dollars and are obtained 
from Form L and divided over one million. 


Alternative Capital Total. This reflects the total project cost in millions of dollars instead of an 
annual figure. Obtained from Form J-1. 

Alternative Annual M&O Total. Summation, in millions of dollars, of all annual M&O per mode. 
Obtained ftom Form J-2 and dividing over one million. 


Service Delivery Component. Amount of the Total M&O costs that can be attributed to offering 
passenger sevice. Only applies to transit modes. Obtained from Form J-2 and dividing over 
one million. 
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Chapter 


Analyzing a Project Using 
Economic Analysis 


Sequence of Efficiency Analysis Worksheets 


The economic efficiency base unit of analysis is the project/alternative. In general the project or 
alternative corresponds with the corridor used in the MOE analysis. If only one segment of a 
multi segment corridor is to be analyzed by EFA, it is necessary to redo the MOE and EEA 
worksheets, treating the analysis as a one-segment corridor. Special attention must be paid to 
downsizing agency costs to one segment if the project started out as construction on a corridor 
with sevetal segments. 


Some project/alternatives may be conceived with mote than one new mode. An exatnple is the 
addition of new lanes along a highway corridor and construction of a parallel bike path or a 
parallel rail line. The EEA looks at each new mode as if it were a separate project and ignores 
the minor interdependenctes that may exist between the new or expanded modes. A complete 
worksheet analysis is done for each new or expanded mode assuming that the other new mode is 
not in place. 


Flow of Worksheet Use for Economie Efficiency Analysis 


Complete these forms once for each analysis yeat. 


(Usually 2 or 3 analysis years will be used, so the forms must be filled out 2 or 3 times and the 
MOE forms for each analysis year must be available. Form BB may tequite more than one 
Form BB1 Part 1 and BB1 Part 2, according to the modes in the alternative considered.) 


Form AA Air Quality Benefits 
Forms BB User Benefits 
Form CC Safety Benefits 
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Complete these forms once for each project/alternative. 


(Form DD does not depend on other EEA forms. Form EE requires Forms AA, BB, and 
CC for each analysis year and Form DD. Form DD needs to be completed for each new 
mode in the alternative considered. Form FF requires completion of all other forms.) 


Form DD Capital, Operating, and Maintenance Costs 
Forms EE Summary of Net Social Benefits 


General Description of EEA Worksheets 


Forms AA-EE in the guidebook are copies of the electronic spreadsheets. The forms are best 
filled using spreadsheet software, however, they can be filled out by hand by following the 
instructions below and the instructions on the forms. Shaded cells indicate cells that are 
automatically filled in (if using electronic spreadsheets) or where calculations are needed (if using 
maoual fotms). Cells without shading indicate cells that require data tnput from the analyst. A 
general description of each of the EEA forms follows. 


FORM AA: Alr Quality Benefits 

The purpose of this worksheet is to calculate the air quality benefit of the proposed project for 
use in the Net Social Benefits economic efficiency calculations. The general approach is to 
determine the change in air pollution concentration as a result of the project, and multiply it by 
the dollar value of human health damages reduced or increased per unit of concentration 
change--see the technical paper on air quality referenced in Appendix Three for further 
explanation. This worksheet must be completed once for each of the analysis years that have 
been selected for the project. Unlike the other types of benefits that directly accrue only to 
travelers, air quality benefits accrue to all people who live tn the atea effected by pollution 
emissions from the transportation system, whether they ate traveling or not. In order to 
calculate air quality benefits it is necessary to know the resident population of the area and the 
area effected by emissions changes caused by the project. In most locations in the state except 
for the MPOs, the most detailed level available for area effected by emissions is the county. 
This is the basis of the population data provided in Reference Table R6. It 1s important to use 
the most up-to-date estimates and forecasts for county population in place of the figures 
provided in Table R6. 


Ai — Analysis Year and Decision-Making Year. These are the year chosen for analysis and the year 
chosen for present-value calculations, respectively. These entries ate common to most EEA 
forms. 

A2 — Total Emissions under the No-Bulld and Alternative. Total emissions including all modes, in 
tous of pollutants, if the project is not built and under the proposed alternative, respectively. 

A3 — Total VMT for all modes for No-Build and Altemative scenarios. Annual vehicle miles traveled 
by all modes under the no-build case and if the project is built, respectively. These totals are 
obtained from MOE Form M. 
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A4 — Total PMT for all modes for No-Build and Alternative scenarios. Annual passenger miles 
traveled by all modes under the no-build case and if the project is built, respectively. These 
totals are obtained from MOE Form M. 


A5 — Alr Quality MOEs under the No-Bulld and Alternative scenarios. Total emissions in tons of 
pollutants per VMT and pez PMT for the No-Build and Alternative scenarios 


AG — Name of county where project is analyzed and ratio of concentration of pollutants to emissions 
for the county. See Table R6. 


A7 — Change in annual emissions duo to the Alternative. Calculated subtracting Cell 2 from Cell 1. 


A8 — Change in annual concentration of emissions due to the Altemative. Calculated as the product 
of Cell 8 times Cell 9. 


A9 -- Value of human health damages per person per day. A default value of $0.1052 per ug/m3 
per person per day, in 1992 dollars, is recommended here. See the technical papet Air Pollution 
Benefits, Costs, and MOEs Estimates for source. 


A10 — Human health damages value updated to decision-making year. This is calculated by 
roultiplying entry 11 times entry 12 (Consumer Price Index for the decision-making year from 
Table R3) and dividing the result by the default CPI. 


A11 — Population of county or countles Impacted by emissions. See Table R6. 


A12 — Annual Air Quality benefits due to the Alternative considered. Calculated as the product of 
Cells 10, 13, and 14 times 365 days pet year. 


FORMS BB1, BB2, BB3, BB-S, and BB: User Benefits 

The purpose of these worksheets is to calculate the user benefit to travelers resulting from the 
proposed project for use in the Net Social Benefits economic efficiency calculations. The user 
benefit is composed of travel-time savings and consumer surplus changes. Both of these are 
calculated using the travelers’ demand curve for trips and the price of trips. The worksheets 
estimate the prices and demand curves, and determine changes to them to calculate user benefits 
- See the technical paper on transportation benefits (reference 2 in Appendix Three) for further 
explanation. The worksheets must be completed once for each of the analysis years that have 
been selected for the ptoject. A new mode project uses only Form BB1 and a capacity 
increasing project uses only Form BB2. A project that includes both, one or more new modes 
and one or more capacity increases, uses both forms. Projects that improve intersection 
geometry, and/or safety use the capacity increase form (Form BB2). A new mode bicycle or 
pedestrian project uses Form BB3. 


FORM BB1 (Part 1): Benefits of New Mode 


B2 — Elasticity. The mode-specific price elasticity for the new mode. 


B3 — Annual Passenger Trips. The number of peak-period passenger trips per year for new 
mode. Obtained from Form M. 


B4 — % of Dally Trips During the Analysis Perfod. Percentage of daily new mode ttips that occur 
during the analysis penod. Obtained from Form K-2. 


B5 — Travel Time per Trip. Average travel time per peak-period trip for the new mode 
considered. Obtained from Form K-2. 
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B6 ~ Faro or Toll per Trip. Enter average fare per trip for new transit mode considered or average 
toll if new mode consist of toll lanes. Enter zeto is no fate or tolls. 


B7 — Value of Time. Enter value of time in dollars per hour from Form UI. 


B8 — Consumer Surplus. Multiply Cell 5 tmes Cell 3. Add Cell 4 to the product. Divide this 
tesult by Cell 1. Multiply this result by entry 2 and then multply by -0.5. 


FORM 8B1 (Part 2): New Mode’s Impact on other Existing Modes 


When a corridor has more than one existing mode, Form BB1, Part 2 is completed for each 
existing node separately and the total benefit of each existing mode from B20 is added together 
and the sum total placed in Form BB. 


Speed Limit Check. If the average speed of travel with the existing mode is greater than the speed 
limit on the corridor under consideration, then the new mode will not improve the level of 
service in the corridor. In this case the new mode ts considered to have no user benefit effect 
on the existing mode, so it 1s only necessaty to skip to B20 and enter a zero. Compate the 
cortidor speed limit from Form UI to the weighted mean speed under the No-Build case in 
Form K-2. The no-build case represents travel conditions as they will exist, in each analysis year, 
if the project is not built. If the weighted mean speed is less than the posted speed limit, 
proceed to step B10. 


B13 ~ Elasticity. The mode-specific elasticity for the existing mode. 


B14 — Number of Annual Congested Passenger Trips for Existing Mode under the No-Bulld Scenario. 
The number of annual trips per congested periods for existing mode if the new mode 1s not 
built. Obtained from Form M. 


B15 = Travel Time per Trip under the No-Build Scenario. Obtained from Form K-2. 

B16 — Price per Trip for Existing Mode under the No-Bulld Case. Obtained multiplying the value of 
time by the average time per trip (B15). 

B17 — Slope of the Trip Demand Curve. Obtained dividing entry B16 over B14 and dividing the 
result over entry B13. 


B18 ~ Number of Annual Congested Passenger Trips for Existing Mode under the Altemative Scenario. 
The number of annual trips per congested periods for existing mode under the Alternative 
ptoposed. 


Speed Limit Check. If the weighted average speed with the new mode built is greater than the 
speed limit, use Part 3 below to calculate values for B20 and B21. 


B20 -— Travel Time per Trip under the Alternative Scenario. Obtained from Form I. 


B21 — Price per Trip for Existing Mode under the Alternative Scenario. Obtained multiplying the 
value of time by the average time per trip (B20). 

B22 — Intercept of the Tip Demand Curve with the New Mode build. Subtract B17 from B21 and 
multiple the result by B18. 


B23 — Total Benefit for the Existing Mode under the Alternative Scenario. Use the following 
formula. {[(B22-B21)*B18]-((B22-B16)*(B16-B22)/B17]}*0.5 and place this result in Form BB- 
S. 
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FORM BEB1 (Part 3): Speed Limit Constrained Worksheet 

B20 — Travel Time per Trip for Existing Mode at the Speed Limit. Divide the length of the corridor 
over the weighted average speed given in this form. 

B21 — Price per Trip at the Speed Limit. Multiply B20 by the value of time given in Form BB1 
Part 1. 


FORM BB2 (Part 1): User Benefit for Projects that Increase Highway Capacity 


Speed Limit Check. If the average speed of travel under the No-Build case is gteater than the 
speed limit on the corridor undet consideration, then implementing the alternative considered 
will not improve the level of service in the coridor. In this case the new mode is considered to 
have no user benefit effect on the existing mode, so it is only necessary to skip to B216 and 
enter a zero. Compare the corridor speed limit from Form UI to the weighted mean speed for 
the No-Build case in Form F. The no-build case represents travel conditions as they will exist, 
in each analysis year, if the project is not built. If the weighted mean speed 1s less than the 
posted speed limit, proceed to step B202. 


B206 — Number of SOV Annual Congested Trips under the No-Build Scenario. From Form F. 
B207 — Travel Time per SOV Trip under the No-Bulld Gase. From Form F, 
B208 — Value of Time. From Form UI. 


B209 — Price per Trip for Existing Mode under Ne-Build Conditions. Multiply the value of time by 
the average time per tap (B207 times B208). 


Speed Limit Check. If the average speed of travel under the Alternative scenatio is greater than 
the speed limit, then calculate the values for B211 and B212 with the Speed Limit Constrained 
Worksheet below. 


B211 — Travel Time per SOV Trip with Increased Capacity Build. Fromm Form I. 


B212 — Price per Trip for Existing Mode with Additional Highway Capacity. Multiply B208 times 
B211. 


B213 — Number of Annual Peak-period SOV Trips with Increased Capacity Bulld. From Fonn I. 


8214 — Benefits of Travel Time Savings. Calculate the dollar value of travel time savings, for 
travelers if the capacity is increased, according to the following fonmula: [B209-B212]*B206. 


B215 — Additional Consumer Surplus Benefit. Calculate the additional benefits for new travelers if 
the increased capacity is built according to the following formula. [[B209-B212]*[B213- 
B206]]*0.5. The result should be a positrve number. 


B216 — Total User Benefits due to Additional Highway Capacity. Sum B214 and B215. Place this 
total in Form BB-S. 


FORM BB2 (Part 2): Speed Limit Constrained Worksheet 


B211 — Travel Time per Highway Trip at the Speed Limit under the Alternative Scenario. Divide the 
length of the corridor over the corridor average speed limit. 


B212 — Price per Trip at the Speed Limit under the Alternative Scenario. Multiply B211 by the value 
of travel time (B208). 


FORM BB3: User Benefits for Recreational Bike/Pad Trips 
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8302 ~ Number of Recreational Bike and/or Pedestrian Annual Trips. Number of Bike and/or 
Pedestrian trips ate not the same as the ones reported in Form M. See Table R18. 


8303 — Benefits per Trip for Bike and Pedestrians. See Table R18. 


B304 ~ Benefit Value Updated to Decision-Making Year. See Table R3 for Consumer Price Indexes. 


B305 — Annual User Benefits for Bike and Pedestrians. Multiply the values in B302 times B304 for 
Bike and Pedestrian respectively. Place these results in Form BB. 


FORMS BB-S: Summation of User Bonofits for all seqments for prolects with new modes or highway 


expansion 

The purpose of this table is to add consumer surphis benefits calculated on Fotms BB1 and BB2 
for each segment and direction of travel and total them for transfer to summary Form BB. 
Benefits calculated for each alternative for each direction of travel and each comdor segment are 
entered in these forms. These benefits are copied from B8 in Form BB1 (Part1), B23 in Form 
BB2 (Past 2), or B216 in Form BB2, according to the type of benefit evaluated. The total 
benefits are then transferred to Form BB. 


FORM BB: User Benefits Summary Table 

The purpose of this table is to accumulate consumer surplus benefits calculated on Forms BB1, 
BB2, and BB3 and total them for transfer to the Net Social Benefits Table. Benefits calculated 
for new and existing modes as well as benefits due to additional highway capacity and 
recreational non-motorized trips, are tabulated in this form. The table must be completed once 
for each of the analysis years that have been selected for the project. 


Entries 1 to 3 ~ Benefits due to Trips Using New Modes. Benefits calculated for each of the new 
modes considered are entered here. 


Entries 4 to 6 — Benefits of Trips Using Existing Modes. Benefits calculated for each of the existing 
modes are entered here. 

Entry 7 — Benefits due to Additional Highway Capacity. Savings in Travel Time due to increases in 
highway capacity are entered in this entry. Entries 1 to 7 are copied from total benefits 
calculated in entries (11) in Forms BB-S. 

Entry 8 and 9 — Benefits due Recreational Bike/Pedestrian Trips. Benefits due to recreational non- 
motorized trips are entered in entnes 8 and 9. These benefits are copied from entries B305 if a 
Form BB3 is used. 

Entry 10 — Total User Benefits due to the Altemative Considered. Total benefits (in dollars) 
obtained by adding up entries 1 to 9. This total (in millions of dollars) is copied to the Net 
Social Benefits Table into the User Benefits column and the row corresponding to the analysis 
year shown in Form BB. Since Form BB is completed for each analysts year identified for the 
project, there will be an entry in the User Benefits column of form EE Part 2 for each analysis 
year chosen. 


FORM CC: Safety Benefits 
The purpose of this worksheet is to calculate the safety benefit of the proposed project for use in the Net 
Social Benefits economic efficiency calculations. The basic approach is to determine the change in the 
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number of fatalities caused by the project and multiply the change by the fatality nsk value. The 
wotksheet must be completed once for each of the analysis years that have been selected for the project. 


C2 — Total Number of Fatalities under the No-Bulld and Altemative Scenarios. Total number of 
fatalities per year from Form M. 


C3 — Change in Fatalities due to the Alternative. Subtract the number of fatalities under the 
Alternative scenario from the No-Build case. 


C4 — Fatality Risk Default Value. The default value for fatality risk is $4,200,000, in 1998 dollars. 
See the technical paper Safety Benefit-Cost Estimates for sources. 


C5 — Updated Fatality Risk Value. Obtained by multiplying C4 times the ratio of the decision- 
making year CPI over the default (1998) CPI. Use Table R3 to obtain decision-making year and 
default CPIs. 


C6 - Annual Safety Benefits of the Alternative. Multiply the change in annual fatalities (C3) by the 
updated fatality risk value (C5). Transfer this total (in millions of dollats) into the Safety Benefits 
column of Form EE Part 2 and the row corresponding to the analysis year shown in Form CC. 
Since Form CC is completed for each analysis year identified for the project, there will be an 
entry in the Safety Benefits column of Form EE Part 2 for each analysis year chosen after Form 
CC is completed for all the analysis years. 


FORM DD (Part 1): Capital, Operating, and Maintenance Costs 

The purpose of this worksheet is to calculate the agency cost of the proposed project for use in 
the Net Social Benefits economic efficiency calculations. Proposed expenditures on 
construction and operation of the project are entered in Form DD Part 2. The worksheet is 
completed only once but expenditures are entered for every year of the project’s construction 
period and useful lifetime. Projects with more than one new mode ate treated separately for 
purposes of the efficiency analysis. Thus the capital, operating, and maintenance costs entered 
on Form DD Part 2 ate always for one new mode or an improvement of an existing mode. 


Forms J-1 and J-2 give Capital and O&M costs based on Tables R2 and R8. However, there are 
three approaches to generating the capital and O&M costs. The first approach is preferred. The 
second approach is next best and the third approach is used if the other two are not possible. 

(1) The best approach is actual, local, estimates of the capital and O&M costs and expenditute 
schedule of the project by engineers, even if they ate sketch design level estimates. (2) Next best 
consists of estimates based on information in Reference Tables R2 and R8 because these tables 
ate based on experience in Colorado. (3) Finally, estimates using averages of national data, taken 
from the Handbook on Characteristics of Urban Transportation Systems (CUTS), may be used. 
Often the analyst will be forced to use information from all three sources to generate a complete 
estimate of capital and O&M costs for a project. For example, a construction expenditure 
schedule estimate may be available from the regional CDOT office, but the other two sources 
will be needed to estimate the O&M schedule over the useful life of the project. 


D1 — Characteristics of Project. Since ptojects ate classified by these characteristics and costs are 
given in unit figures such as $/mile, the entries ate needed to calculate costs for the project. 
These entries ate found in Form UI. 


D2 — Useful Life of Project. This is the number of years the infrastructure being considered for 

construction will be serviceable until replacement in needed, assuming regular maintenance is 

performed. Useful Life, Construction Start Date, and Opening Date are given in Form UI. 
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Start and opening dates are determined by those advocating the project and by the construction 
or purchase schedule suggested by the design engineers or planners. Otherwise assume 
construction starts in the decision-making year. The difference between these dates is the 
construction period. 
D3 — Project Capital and M&O Costs. These entries are copied from Forms J-1 and J-2, which 
give costs for a project by mode. Since Forms DD are only for one new mode, if the project has 
more than one new mode, be careful to take only data for the mode considered from Forms J-1 
and J-2. Form J-1 gives total capital cost. It is necessary to convert this to an annual 
expenditure schedule for Form DD1. Ifa specific construction expenditure schedule is not 
available from local engineers or planners, it is acceptable to divide the total capital cost by the 
number of years in the construction petiod and use the result as the annual capital cost over the 
construction period. Since M&O costs are piven in Form J-2 as annual costs, it is only necessary 
to use that number for each year of the projects useful life. 


D5 ~ Construction Cost Composite Index for Base- and Decision Years. These indexes are found in 
Table R3. 


Updated values for Capital and M&O costs for the Decision-Year from Form DD Part 2 are 
transferred to Form EE Part 2. 


FORM DD (Part 2): Capital and M&O Schedule 
Date. This column indicates the actual yeats for the project schedule. The date for Year 0 is the 
decision-making year for the project. 


Base-Year Capital Costs. This column contains the construction cost expenditures for each year 
of the construction petiod. Place a zero in yeats with no construction expenditures. 


Docision-Year Capital Costs. This column contains a formula which uses the decision year and 
base year CCCIs from Form DD Part 1 to update capital costs to decision-making year dollars. 
The formula is the figure in the base year column multiplied by the decision year CCCI and the 
result divided by the Base year CCCI. 


M&O Costs. The maintenance and operating cost expenditures for each year of the useful life of 
the project. Place a zero in the years of the construction period. 


Transit service Delivery Costs. This column contains the operation costs which are classified as 
Service Delivery Components on Form J-2. Place a zero in the years of the construction period. 


Total Base-Year M&O Costs. This column is the sum of the values in the M&O and Transit 
Service Delivery columns by year. 


Decision-Year M&O Costs. This column contains a formula which uses the decision year and base 
year CCCIs from Form DD Part 1 to update M&O costs to decision-making year dollars. The 
formula is the figure in the base year column multiplied by the decision year CCCI and the result 
divided by the Base year CCCI. 


FORM EE (Part 1): Net Social Benefit Worksheet 

The purpose of this worksheet is to guide the analyst in filling in the Net Social Benefits Table, 

Form EE Part 2 and complete the calculations for the economic efficiency analysis. The 

benefits and costs in the table are the changes caused by the project and indicate the difference 

between the no-build case and the altemative case. The worksheet is completed only once for 

each project/alternative since it includes all modes and ali analysis years. Instructions for 
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interpretation and use of the information in the NSB Table are given in Chapter 5. Definitions 
of Present Value, Annual Value, and Perpetuity Value are given in the Definitions Section of 
Chapter 1. 


Discount Rate. Enter the interest rate for discounting. See Table R3 for discussion and values. 


Annualization Period. Use the Construction Start Date and Useful Life values from Form DD 
Patt 1 to calculate the annualization period. This is used to calculate the annual value on Form 
EE Part 2 and is obtained as the difference between the Last Year of Useful Life and the 
Construction Start Date. 


FORM EE (Part 2): Net Social Benefit Table 

The Net Social Benefits Table is used to collect and display the time profile of benefits and costs 
for a project. More importantly, it automatically calculates net social benefits using the time 
profiles. Net social benefit is the measure used to judge the economic efficiency of a project. 


The Net Social Benefits Table includes benefits and costs values for each analysis year filled in 
from Forms L and AA through DD-2. Also, the date column should be filled in with the 
calendar years covering the analysis with year zero as the decision-making year. The 
construction start year may not be the same as the decision-making year. It may be 1, 2, 3 or so 
yeats in the future. Values in the thtee benefit columns and the three cost columns between 
decision-making and construction start years should all be zero. 


Linear interpolation is used to generate benefit and cost values for the non-analysis years in the 
Net Social Benefits Table. This is done by calculating a linear increment by first taking the 
difference in benefits/costs between analysis years. This difference is then divided over the 
number of yeats between analysis yeats. Say uset benefits in the first analysis year, 2000, are $90 
million and in the next analysis year, 2010, are $190 million. The fitst step to approximate user 
benefits in 2001, 2002, ..., and 2010, is to obtain the number of years between these two analysis 
yeats, 10. Next, the difference between $190 and $90 million is calculated, which is $100 
million. This amount is then divided over the number of years between analyses (10 years) and 
this gives a linear annual increment of $10 million. Thus the value of user benefits for the year 
2000 is $90 million, for the year 2001 is $90 plus $10 million ot $100 million, for year 2002 is 
equal to $110 million, etc. If the next analysis year is 2020, the process is tepeated to fill in the 
values of benefits/costs between the yeats 2010 and 2020. 


Once the values of benefits/costs for the years between analyses ate calculated, copy them into 
the respective column in Form EE Part 2. After these steps are completed there should be 
values in the benefits/costs columns for every year from the decision-making year to end of the 
useful life. 


Since benefits do not occur until the project is constructed, but there might be an analysis year 
before the project opening date, make sure all values in the benefits column are zero until the 
opening year of the project. (For staged projects, please consult with CDOT for appropnate 
methodology.) Also, if the asset’s life extends beyond the last analysis year, which will often be 
the case, assume equilibrium in benefits and use the last analysis year value to fill in the rest of 
the years. 
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Net Social Benefit Column. Values for each row of this column are automatically calculated as the 
sutomation of air quality, safety, and user benefits minus the summation of capital, user, and 
M&O costs, year by year. So, the year 10 row indicate benefits in year 10 minus costs in year 10. 


Present Value of Net Social Benefits Cotumn. Each cell in this column is the present value of the 


NSB figure in the cell to its left. The NSB is divided by (l+r)”, where r is the discount rate 
entered in Form EE Part 1, and yr is the value in the year column from the same row that the 
NSB figure is from. 


Present Value Row. The bottom three tows of the table are calculated automatically using the 
values in the column above each cell in the rows. The cell in the present value row under the 
Present Value NSB column is the sum of all the values in all the cells in that column. Likewise, 
each cell in the row is the sum of the present values of the entries in the column above it. For 
example, the cell under the User Benefits column is the sum of the present value of the user 
benefits. However, unlike the case of NSBs, the other cells are not simple summations because 
the columns above are cutrent values, not present values. The formula used 1n these cells 
automatically converts the current values to present values and does the summation. If an 
analyst needs to calculate the sum of present values by hand, she must first convert each cell to 


present value by dividing by (1+r)” as explained above, and then adding the results together. 
Notice that the cell in the Present Value row under the Net Social Benefits column, 
automatically converts the column above to present values and sums them. Thus, it should be 
the same value as the cell to its right which is under the Present Value of NSB column. 


Annual Value Rew. The cells in this row have a formula that automatically calculates the annual 
series value which is the equivalent of the present value in the cell above. The present value in 


the cell above is multiplied by +(1 +r / la +rf } to calculate the annual value, where 7 is the 
annualization petiod (given in Form EE Part 1) and 7 is the discount rate. The annual value 
will be much smaller than the present value from which it is calculated. If each value in the 
column above the present value row cell is replaced by the annual value figure, the sum of the 
present values of the column will be identical to that calculated from the original figures. For 
this reason the annual value is said to be equivalent to the present value. 


Perpetuity Value Row. ‘The cells in this row are the perpetuity value series of the figures in the 
column above, not including the figures in the Present or Annual Value rows. The perpetuity 
value is calculated by dividing the annual value in the cell above by r (the discount rate). The 
same discount rate must be used throughout the Table. 
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Chapter 


Analyzing and Comparing 
Results 


Using Efficiency Analysis 


The goal of economic efficiency analysis (EEA) is to identify the transportation investment projects 
and policies that will result in the general increase in the well-being of people in the community. It is 
also fair to say that efficiency analysis seeks to find those transportation projects and policies that will 
be associated with utilizing 2 community’s resources to produce the most highly valued goods and 
setvices. On the surface, such aspirations may be easy to accept as being things everyone would 
desite, but it is important to understand exactly what EEA does and does not say. 


The bottom line with respect to EEA is the comparison of the benefits enjoyed because of the project 
against the costs incurred in ordet to have the project. This comparison is commonly known as 
benefit-cost analysis. Benefits should be thought of as measuring the amount of money people in the 
community would be willing to pay to obtain the good things resulting from the transportation 
project or policy. Costs are best thought of as “opportunity costs”, or the value which is given up 
because resources ate used for the project rather than in other productive ways in the community. In 
general, any project or policy can be expected to lead to some people in the community being better 
off and some people in the community being worse off. The benefit calculated for EEA represents 
how much money the people who are better off are willing to pay to have the ptoject, while the cost 
represents how much money the people who are worse off would accept in compensation for their 
losses because of the project. 


FEA is presented in terms of whether NSB is >0 or <0, where 
NSB = Benefit - Cost. 


When NSB > 0, then the amount those who benefit from the project are willing to pay to have the 
project is large enough to more than compensate those who are worse off for their loss. This means 
that the project can tesult in the general increase in well-being of the people in the community. When 
NSB < 0, then those who benefit from the project would not be willing to fully compensate those 
who lose because of the project. In this case the project cannof tesult in the general increase in the 
well-being of the people in the community and building the project would lead to using community's 
resources in less valued uses than they are at present.’ 


1 Tt can be assumed that in general any EEA evaluation of a project will be considered in terms of Present Value of NSB. 
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It is important to recognize that the estimation of benefits and costs relies on the values of each 
(adult) member of the community. EEA does not attempt to say something 1s good or worthwhile 
independently of the preferences of those living in the community. If someone in a community 
values something, then that something is also given that value by EEA. As such, EEA 1s based upon 
an effort to develop estimates of the choices people would make in the community if a project were 
built. 


Note also that EEA is developed by comparing the estimated effects of a project with the situation 
expected to occur in the community if the transportation system does not change, which ts referred to 
as the No-Build situation. EEA does not estimate the benefits and costs of making no changes and 
the benefits and costs of constructing a specific transportation project. Rather, it estimates the 
benefits and the costs associated with the way in which the project in question changes things from 
the No-Build situation. 


Finally note that EEA is completely consistent with the MOE analysis recommended here. Actually, 
EEA is “built upon” specific measures of a project’s impact which are developed as MOEs. The 
economic values of benefits and costs are attached to differences in the values of specific MOEs in 
the No-Build situation, versus the situation with the project in place. Essentially, EEA is one way to 
use the MOEs to compare projects. The second way of using the MOE information is suggested 
later in this chapter under Prioritizing Using MOEs. 


What Economic Information Means and Doesn’t Mean 

Since the goal of efficiency analysis is to identify the transportation investment projects and policies 
that will result in a general increase in the well-being of the people in the community, the first way in 
which to interpret the EEA information ts that it distinguishes between two types of projects. One 
type of project is estimated to be able to result in the general increase in well-being and the other type 
‘of project is not. Based on EEA, any project for which NSB < 0 would be undesirable and could not 
be recommended. After all, such projects ate estimated to have costs that are greater than the amount 
of money people in the community, who benefit from the project, would be willing to pay for the 
project themselves. So at the first level, EEA could be used to recommend projects that should not 
be chosen for investment” 


Of course, many proposed projects will have NSB > 0. EEA does not recommend that every project 
with positive net social benefits should be built. At this level of project analysis EEA simply identifies 
ptojects which are acceptable because they offer the opportunity for the general increase in the well- 
being of the people in the community. 


There arte at least two teasons why EEA does not recommend that a project should be chosen just 
because the estimated NSB > 0. One is that there may be other ways in which the tesources used in 
the project under consideration could be used to produce even greater increases in community well- 
being than this project. From a practical point of view, it is never possible to develop an estimate of 
NSB for every conceivable way in which a community’s pattern of resource uses might be changed. 
The second reason is that EEA only estimates that the project beneficiaries can more than 
compensate those who ate worse off because of the project for their loses. EEA itself cannot insure 
that the political process by which transportation investments and policies are chosen will also choose 


2Note that this statement is not meant to say that efficiency analysis should be the only way in which to evaluate projects. Rather it is 
meant to say that if you want to use FEA then any project for which NSB < 0 would not be a project that you would want to recommend. 
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to accomplish full compensation. In general there will be project winners and losers and as such EEA 
is nothing more than an estimate of which projects will be associated with using community resources 
in more valuable ways rather than m less valuable ways. Therefore, if one 1s interested in projects that 
offer the opportunity for the general increase in well-being of people in the community, ERA 
information can be used to distinguish projects that are acceptable (NSB > 0) from those projects that 
are unacceptable (NSB < 0). 


Prioritizing Using Efficiency Analysis 

At another level of analysis it may be of interest to rank altetnative projects. There are two ways to 
rank projects consistent with the framework of EEA. First, as explained above EEA is used to 
distinguish between acceptable projects or those with NSB > 0, and those projects that are 
unacceptable (those with NSB < 0). Any project with NSB > 0 is worthwhile as far as EEA is 
concemed. As such, as long as one is ranking projects with positive NSB, any criteria for ranking and 
choosing between these projects is consistent with EEA. For example, one might sank different 
projects with NSB > 0 by using MOEs as described below. As far as EEA ts concerned it is 
acceptable to rank projects with NSB > 0 with other criteria, even non-economic criteria. 


Also, one might rank projects with NSB > 0 based on which project provided the greatest value for 
NSB. However, care must be taken with this approach to ranking. In general different projects will 
have different useful lifetimes. In order to make a “fair” comparison between such projects using 
EBA it is necessary to develop a comparison over the same complete time horizon for each project. 
Given the different effective lifetimes this involves computing the Perpetuity Value of the benefits 
and costs over time.’ Essentially the Perpetuity Value is the present value of benefits and costs of a 
project assuming that project will be constructed, operated, then reconstructed in exactly the same 
way at the end of the projects effective life, and then replicated in this way indefinitely into the future. 
Therefore, if one wants to use the NSB concept to rank alternative projects this should be done using 
the Perpetuity Value which is calculated on the worksheet for Net Social Benefits. Using EEA in this 
way, one would rank projects from most desirable to least desirable based on which projects had the 


largest Perpetutty Value. 


Analyzing and Comparing Results using Sensitivity Analysis 

The purpose of sensitivity analysis is to answer the following question: How much confidence can be 
attached to the results of either the MOE and/or economic efficiency analyses? By its nature, 
transportation planning for the statewide transportation plan is necessarily done at the level of “sketch 
planning”, the goal of which is to develop an acceptable “ballpark” understanding of the effects and 
costs of alternative transportation investments and policies. Many transportation investments will 
have expected lifetimes that are decades in length, and the statewide plan itself is looking at a 
minimum of two decades into the future. The very nature of planning to inform the process of 
making investment choices today over such lengthy time horizons is one for which there will always 
be overwhelming uncertainty. It 1s not possible to “test” the success of estimation methods that are 
utilized today, unless of course we are willing to wait through the relevant decades before making 
transportation investment choices. 


Even though it is not possible to resolve the inherent uncertainty in the estimates upon which the 
MOE and EEA are developed, it is possible to assess the degree to which one can be confident in the 


3Perpetuity Value is calculated in Form EE Part 2 —Net Social Benefits Table. 
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conclusions suggested by the analyses. This is done by examining the “sensitivity” of the results to 
changes in different variables and/or different assumptions. The general idea is to determine how 
large a change in the variable would have to be to change the results suggested by the analysis. If the 
size of the change in a given variable is so large that the value for the variable 1s thought to be 
extremely unlikely, then that suggests one can be relatively confident in the results of the analysis. 
Note the imprecision in this description. There is no “crystal ball” to use in seemg the future and no 
real way to be absolutely certain in the results. Consequently, the confidence or lack of confidence in 
the results will remain largely a matter of individual judgement and evaluation. However, the 
sensitivity analysis recommended hete can provide a sound basis for developing this individual 
confidence or lack of confidence in the implications of either the MOE or EEA. 


Background to Sensitivity Analysis 

There are two key types of assumptions, in 
developing the MOE and EEA, which should be 
subject to sensitivity analysis in general. 


Some Critical Values fo Assess 
Sensitivity Analysis 


Population Projections (Growth 


First, the MOE and EBA for every single Assumptions) 

transportation project or policy will be developed | 2. Travel Demand resulting from growth 
based upon the projected growth in population assumptions 

and/or transportation demand over the planning | 3, Mode Split for Noo-SOV modes with 
period. Because all of the analysis follows from original population forecasts 


the assumed change in population and/or 
transportation demand, it is recommended that all calculations for MOE and EEA be developed with 
a minimum of two different assumptions for population change. 


There are at least a couple of ways to choose these two assumed population and transportation 
demand changes: 

Q One approach would be to use the information in the CDOT GIS files on the projected 
20 year value for AADT as one assumption. The accompanying assumed change in 
population could then come from an “officiaP’ source for population projections, e.g. 
Colorado Department of Local Affairs or a local planning agency. 

Q A second approach would be to use one of the “official” estimates (e.g. the 20 year 
AADT value in the CDOT GIS files) as the base case assumption, and then to assume a 
change in population and transportation demand that was either 25% smaller or larger 
than the base case. 


Whether to assume a larger or smaller change in population should be chosen 1m order to illustrate 
how robust the base case MOE and FEA sesults are. For example, if it is thought that the “official” 
estimate is likely to be optimistic in assuming more growth than might occur, then assuming a 25% 
stnaller increase in population and transportation demand over the planning period would allow one 
to conclude that certain proposed projects would still be desirable with much less growth, or that 
certain projects can perhaps only be desirable if population growth is quite vigorous. Either way, the 
point is not to pursue the “right” population and transportation demand estimate, but rather to 
develop an understanding of which projects seem worthwhile even if future population cannot be 
known with certainty or if there is not common agreement on the best assumption. 


Second, proposed projects that involve a new transportation mode will require an assumption about 


“mode split,” Le. the proportion of people traveling by existing modes that switch to the new mode. 
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Because past experience with many different modes of transportation is insufficient to provide an 
empirical basis for projecting mode split for Colorado circumstances, it has been recommended that 
the mode split be assumed to be some teasonable level (see Reference Table R9), and that a second 
assumed mode split be utilized to judge the sensitivity of this assumption. This mode split 
assumption will establish the base case analysis of the proposed project. 


The sensitivity analysis would then develop a second set of MOE and/or EEA impacts based upon 
another assumed value for mode split. This second mode split value would be determined based 
upon the results of the MOE and EEA analysis in the base case. If the project analysis suggests it is 
desirable then the mode split in the second case should be reduced, and if the analysis suggests the 
project is not desirable then the mode split should be incteased in value. 


Once again the point is to assess how much difference the assumed mode split makes in the 
assessment of the proposed new mode project. It will not be possible to resolve the uncertainty in the 
projected mode split, but the exact value of the mode split that results may not be required if the 
second assumed mode split value does not change the implications of the MOE and/or EEA 
analysis. 


Sensitivity Analysis for EEA 

In addition to examining changes in 
population, transportation demand and 
mode splits, it will probably also be 
desirable to assess the sensitivity of other 
aspects of the efficiency analysis. 


Project Recommendations According to 
Economic Efficiency 


Good Bet - Projects which meet NSB > 0 
even after looking at sensitivity ate good bets 


The size otf any particular aspect of the based on FEA. 


entire benefit-cost analysis need not be the 
subject of intense debate in general since the 
results of the EEA ate developed by 
comparison of all the benefits and costs 
considered together. 


Poor Project - Projects with a NSB < 0 largely 
due to very latge values for fatality risk or for 


value of time, or for population increases, etc. 
should not be chosen based on EEA. 


Reexamine Critical Values - When the NSB 


For example, one might look at the 
estimated benefit (or cost) of a project 
associated with changes in ait pollution and 


of projects change from >0 to < 0 or vice versa 
due to a small change in some benefit or cost, 
EEA would not recommend such a project 


think that the estimated change in pollution 
was likely to be too large. However, if a 
smaller, “mote reasonable” change in 
pollution were examined it might be the 
case that the sign of net benefits was unchanged. Therefore, debating the precise size of the air 
pollution benefit (or cost) estimate would add little additional understanding with respect to the 
desirability of the project based on the ERA. 


unless more confidence could be developed in 
the EFA critical value(s). 


The key question is: How much larger or how much smaller would a benefit or cost have to be in 
otder for the sign of the project’s Present Value to change? The answer to this question can be 
determined by comparing the present value of the benefit or cost item in question, with the present 
value of the entire project in order to calculate how much this one item would have to change in size 
in otder for the present value of the project to change sign. If the change is too large to be 
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imaginable, then one can be pretty confident in the results of the EEA analysis. If the change is not 
very large at all, then it might be worthwhile to try to develop more precise estimates of the value in 
question or it might simply be concluded that confidence in the EEA of the proposed project is 


lacking. 


It is recoromended that for each project a calculation be made of the percentage change, in each of 
the following items, that would be necessaty to change the sign of the present value of the project: 
user benefits, air pollution benefits or costs, fatality risk benefit or cost, agency capital cost and agency 
M&O cost. If the percentage change in any one of these items of benefit or cost 1s too large to be 
credible, then one can be confident of that specific estimate for the EEA. However, if this is not the 
case for every one of these items in the EEA calculations, then either more work should be done to 
try to develop an estimate that is generally acceptable, or it should be conchaded that one does not 
have sufficient confidence in the information provided by the EEA for this particular project. 


Prioritizing Projects Using Measures of Effectiveness 


Transportation investment decisions are usually made based on two types of analyses—economic 
efficiency analysis that considers the cost and benefit of each altemative under evaluation; and/or a 
multi-criteria analysis that considers conflicting objectives or measures of effectiveness. Decision- 
makers ate often interested in evaluating alternatives yielding positive NSB based on other criteria, 
given that not all measures are equally important to a community. Relative difference in importance 
among the measures is generally exptessed with weights. 


A soulti-criteria ordinal index to evaluate altematives based on multiple MOEs is presented in this 
section. ‘This multi-criteria index encodes preference order information without an expression of 
preference intensity. The weights assigned to each of the MOEs are represented as exponents in the 
evaluation index. These weights control the impact of each measure on the index. For example, for 
two measures, to indicate that one measure is four times as important as the other, the corresponding 
exponents or weights are 0.8 and 0.2. For every altemative or project being considered an index value 
can be determined to rank ptojects from better to worse. Projects with higher index values are ranked 


higher. 


Background 

Multi-criteria decision methods ate used for the evaluation of a finite number of altematives under a 
finite number of conflicting objectives. These methods have been developed principally to deal with 
difficulties involved in reducing conflicting criteria into a single measute. Most of these methods 
generally incorporate the decision-maket’s opinions to identify the preferred set of alternatives instead 
of attempting to find a single best altermative. In all these methods, the decision problem (.e., 
transportation alternative impacts) can be set as 2 #7 x 7 matrix, for # chteria and m alternatives. 


Different classifications of multicriteria decision methods exist, including mathematical 
programming, discrete alternatives, and multi-attnbute utility theory. These methods can also be 
classified according to: the alternatives considered (discrete or contmuous), the type of data used 
(quantitative or qualitative), and whether or not uncertainty is considered. The method proposed hete 
assumes: (1) a discrete set of alternatives, (2) availability of cardinal or quantitative data for the 
measures considered, and (3) that no stochastic effects are involved. 
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Methodology 

The ordinal mdex proposed to evaluate transportation alternatives encodes prtefetence order 
information only and not any notion of strength of preference. It is expected that any transportation 
alternative evaluation process will first involve a NSB analysis, and the proposed methodology will 
only be applied to alternatives providing positive NSB. The MOE index is defined as follows: 


n @. 
MOE Index I, =|[m.. 
j=l 


iy 
whete, 
th; = measure / for alternative 7 
n = number of measures 
a = weight for measure / 


For example for an alternative with four measures 7 


4 6a. a a a a 
bas t yen | 2 3 4 
T= I] ae =m, * i, *m, *m4 


The following considerations should be observed when developing this MOE index: 


Each measute should be independent of the other measures. For example, since the number of 
fatalities is calculated here by multiplying VMT by a fatality rate, including both the nunober of 
fatalities and VMT as sepatate measures would not be appropnate. 


The magnitude of the measures should consistently indicate desired or undesired effects. That is, 
if it 1s chosen to indicate the most desirable alternative as the one with the higher index, then all 
the measures should indicate desired effects with increasing magnitude. For example, if the 
number of fatalities is chosen as a measute for Safety, then the inverse of the number of fatalities 
must be chosen to mdicate 2 positive effect. Altematives or projects can be ranked from better to 
worse according to the index value determined. If projects with higher index vahues are ranked 
higher, then projects that provide greater mobility and safety with Jess pollution and lower capital 
cost will have larger index values. 


The weights of the measures involved (exponents) must all sum to one. That is, 2 a, = 1.0. In 
choosing values for the exponents start by considering the measures to be equally important, e.g. 
4,= a= a; =a, =0.25, If one measure ts thought to be of greater mportance than another, then 
this can be reflected by adjusting the values of the exponents. For example, if the first measure is 
thought to be twice as important as the fourth measure, then the exponents might be changed 
from being equal to: a, =0.333, a= a, = 0.25, a, = 0.167. 


Index Properties 

Desirable properties of the proposed index tnchide: a decreasing marginal rate of substitution, 
constant elasticity measure, independence of value scale, and constant retums to scale. A detailed 
description of these properties is given in reference number 9, “An MOE Index to Evaluate 
Multimodal Transportation Altematives for Corridor Investment Studies”. 
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Marginal Rate of Substitution (MRS). The proposed index can be described by an indifference curve 
with respect to any two measures, where different iso-index curves show the relative desirability 


between a pair of measures. The negative slope of a given iso-index curve at any point is the marginal 
rate of substitution. The MRS indicates the amount of a measure to be given up for a marginal 
increase in the amount of another measure or the negative slope of the index curve at some paint. 
The MRS for the proposed index is not constant. It changes with changing levels of the measures 
considered. For example, if measure M, is a mobility measure: average corridor tap speed, and 
measure M, is the inverse of annualized project construction cost, then (as shown in Figure 5.1) the 
rate of substitution for M, and M, decteases with decreasing values of the mobility measure. In other 
words, the amount of mobility to be given up for a small increase in the cost measure varies 
depending on whether the cost measure is high and the mobility measure is low or vice versa. 


Marginal Rate of Substitution 


© Project N 
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index value 
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M1 (Inverse of project costs) 


Figure 5.1: Rate of substitution for proposed index 


This is an important property that reflects the tendency of people to generally value goods more 
highly at the marginal when they are in more limited supply than when they are prevalent. A variable 
MRS, though, is not obtained if the most common linear scoring function is used. In that case, a 
constant MRS or constant relative trade-off results. Such constant value tradeoffs would imply that 
any two performance measures of a transportation altemative ate perfect substitutes for each other, 


which is very unlikely, 


Constant Measure of Elasticity. Another desirable property is that the exponent of the corresponding 
measute indicates the elasticity of the index. The elasticity shows how the index responds to a 
percentage change in one of the measures. ‘That is, the value for the exponent indicates the 
percentage increase in the index that results from a percentage inctease in the measure, holding all the 
other measures constant. For example, assuming only mobility and cost as the relevant measures and 
weighting them equally @g,, exponents are 0.5 each), a 10% increase in one of the measures, 
assuming the other measure remains unchanged, will cause the index to increase by 5%. When one of 
the measures is gtven more weight than another measure, the first measure will have a greater 
influence on changes in the index. For example, if the exponent (weight) on cost is increased from 
0.5 to 0.8 and the exponent on mobility changes from 0.5 to 0.2, then a 10% increase in cost will 
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cause the MOE index to increase by 8%, with mobility unchanged. In contrast, a 10% increase in 
mobility, with cost unchanged, will cause the index to increase only 2%. These exponents for cost 
and mobility (0.8 and 0.2 respectively) indicate that the influence of cost on the index is four times as 
high as the influence due to mobility. 


Independence of Value Scale. Because of its product form, the proposed index does not require the 
measutes to be normalized and therefore, no arbitrary scale or transformation of the measures is 
needed. Scaling measures (commonly done in other ranking methods) imposes an implicit (and 
pethaps arbitrary) "value" relationship with respect to the trade-off between the measures. Avoiding 
this scaling process permits decision-makers to better see the changes in relative trade-offs. 


Returns to Scale. Given the product form for the MOE index function proposed here, if the 
exponents sum to one, then the index function is characterized by constant retutns to scale. That is, 
the index value is not dependent on the size of the project. On the other hand, if the index function 
is characterized by incteasing returns to scale, then projects that ate larger in scale in terms of 
providing larger measures for all the relevant attabutes would have a proportionately larger index 
value that smaller projects. 


In addition to the advantages of the properties mentioned above, other desired characteristics of the 
index ate: (1) the trade-off between measures is explicit, compared to the outcome given by other 
analyses, and (2) the index is informative, whereas other methods may not help decision-makers 
understand the choices they face. 


Measures for Evaluation 

The measures for evaluation should all consistently indicate a preferted effect as the measures increase 
ot decrease. The measures can be converted (.e., taking the inverse of the reported value) to comply 
with this condition. Recommended measures for evaluation (indicating greater benefits for increasing 
magnitudes of the measures) ate as follows: 


Mobikty : M, = Speed; the higher the speed the better the project. 

Safety : M, = 1/Number of fatalities; the higher the value of M, the safer a project 
because as the number of crashes/ fatalities increases this measure will decrease. 

Air Quaty: M, = 1/Tons of Pollutant, the higher the value of M,, the better the air quality 
impacts because this 1s associated with a lower amount of pollutant 

Ageny Cot: M,  =1/$, the higher the value of M,, the better in terms of agency cost because 


it is associated with lower agency cost. 
Measures for evaluation can also be constructed to indicate higher preference for smaller magnitudes 


of the measures. Although the recommended index here is build to indicate preference for increasing 
values of the measures and the index. 
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Appendix 


Reference Tables 


Defaults and Averages Tables 


A series of reference tables give default values and information regarding many of the variables used 
in filling out the worksheets. Some of these tables include guidelines to estimate site specific data. 


Table R1 
Table R2 
Table R3 
Table R4 
Table R5 
Table R6 
Table R7 
Table R8 
Table R9 
Table R10 
Table R11 
Table R12 


Table R13: 


Table R14 
Table R15 
Table R16 
Table R17 
Table R18 


Reference Tables 


Crash and Fatality Rates 

Capital Costs 

Economic Indicators 

Elasticities 

Emissions by Mode 

Emissions by County 

Transit Fares 

Maintenance and Operating Costs 

Current and Future Travel Volumes by Mode 
Maintenance and Operations Component Elements 
Travel Time Relationships for Highways 

User Costs 

Value of Time 

Average Travel Speed for Transit 

Capacity 

Average Percentage of Daily Trips by Hour 
Maximum Theoretical Capacity for Highway and Transit Modes 
Bike and Pedestrian Benefits 
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TABLE Ri: Crashes and Fatality Rates 


Crashes and Fatalities for Highways: 


Crash rate is defined as the crash ftequency per exposure per unit time, where exposure 1s 
usually derived from traffic volume or miles of travel. It is important to use different rates for 
different functional classifications of highways, at least for the urban and rural highway 
classification. In the analysis, only information on fatalities is used. 


When rates ate unavailable, default values in terms of crashes and fatality rates per vehicle-miles- 
traveled can be used from national or state averages as shown in Tables 1 and 2. 


Table 1. National highway fatalities, crashes, VMT, and associated rates’ 
Crash Rate per | Fatality/Crash | Fatality Rate per 
100 million VMT Ratio 100 million VMT 


0.0066 


Averages were obtained using data from years 1990 through 1995. 


Number of crashes = VMT x Crash Rate 
Fatality = Number of crashes x Fatality/Crash Ratio OR Fatality = VMT x Fatality Rate 


Comparable fatality rates are observed more specifically for the state of Colorado as shown in 
Table 2. These averages were also calculated for years 1990 through 1995. 1995 Colorado 
fatality rates for utban highways (1.16), and for rural highways (2.61) are very similar to the 1995 
national rates (1.20) and (2.57) respectively. 


Table 2. Colorado Highway System Fatalities, Crashes, and Vehicle-Miles and Associated Rates” 


Crash Rate per | Fatality | Fatality Rate per 
Bee million / Crash eee million 
Ratio 


0.0094 | 1.87 
Tofal Rural (1995) | 124 | oo2n1_| 261] 
Total Urban (1995 0.0043 


1 Source: Bureau of Transportation Statistics, National Transportation Statistics, 1997. 


2 Source: Colorado Department of Transportation, Crashes and Rates on State Highways, 1995. 
Appendix 1 - 2 


TABLE R11 (continued): Crashes and Fatality Rates 


Crashes and Fatalities for Transit Modes: 


In general, the estimated number of crashes and fatalities due to a proposed transit mode (1e., 
LRT, Bus, Commuter Rail) can be obtained by collecting safety data for the modes considered 
(crashes, fatalities, VMT) at the local, state, or national level. The estimated number of crashes 
and fatalities ts calculated by multiplying the crash or fatality rate for that mode times the VMT. 


Alternatively, default rates can be used as shown in Table 3, whete national crash and fatality 


rates for different transit modes are averages of number of crashes, fatalities and VMT for the 
years 1990 to 1994. 


Table 3. Fatalities and incident rates by transit mode. 
Number of Fatalities | Number of Incidents 
Per 100 million VMI | per 100 milton VMT 
LRT | Comm LRT | Comm 
Rail Rail 


Three sources of site-specific crash rates are outlined below: 


1) CDOT-GIS planning data set: This data set provides VMT-based fatality rates for every 
highway segment in Colorado. These segment-based rates can be used as follows: 


Numbenf Fatalitis in a user- definedsegment= 'Y fatalityrate), +(segmenten gthi, 
i 


where, 4 = number of segments defined by the planning data set 


2) Highway Specific Data: Site-specific crashes and fatality rates can also be dertved fora 
particular highway, if the data are available, as shown in the table below. This table consists 
of crash and fatality rates for a segment of the I-25 corridor from 1990 to 1995. I-25 fatality 
rates for urban highways for 1995 are similar to the national and state rates (1.15 versus 1.16 
and 1.20), whereas for rural highways are significantly different (1.22 versus 2.61 and 2.57 for 
[-25, state, and national, respectively). 
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TABLE Ri (continued): Crashes and Fatality Rates 


I-25 corridor Fatalities, Crashes, Vehicle-Miles and Associated Rates. 


Crash Rate per Fatality/Crash Fatality Rate per 
100 million VMT Ratio 100 million VMT 


3) Regression techniques: site-specific crash prediction models can be developed to estimate 
highway crash frequency. The required data normally consist of highway geometry, traffic 
characteristics, and historical reported crashes. 


* Source: Colorado Department of Transportation, Crashes and Rates on State Highways, 1995. 
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TABLE R2: Capital Costs 


Capital (Construction/Purchase) Costs 


Mode [Gost [Unit [Source [Comments 

ee er CDOT Passenger Core system (642 
Commuter rail $1,900,157 | $/mile Rail Stud miles) no RO 
Commuter rail $9,000,000 | $/mile | Guidebook 


Commuter rail (CS 

to Denver $5,000,000 | $/mile | SFRCAS * Double freight track 
to Denver $10,000,000 | $/mile _| SFRCAS * New track 
Commuter rail $7,000,000 | $/mile | RTD MIS Guidebook | Existing track 


Denver to Vail $26,000,000 | $/mile _| I-70 MIS 
ee 
LRT (at grade $30,000,000 | $/mile | Guidebook 
1994 dollars 
ee as | 
electric $15,000,000 | $/mile SFRCAS * CS to Denver 


LRT (some grade 
separation $45,000,000 | $/mile RTD MIS Guidebook 


oe ioe eee 
grade $8,000,000 | lane Guidebook 
ae 
orade $9,000,000 | lane 1-70 MIS 
hal oP 7 al 
grade $4,170,000 | lane NHI Course 15257 1994 dollars 

at grade $582,500 | lane Overview Report ROW, one lane 

at grade $1,950,000 | lane NHI Course 15257 ROW — 1994 ($ 


Interstate highway $/mile/ One lane, general 
at grade $8,00,0000 | lane SFRCAS * purpose 


ae ae ee 
& arterial $3,700,000 | lane Performance 1995 expansion 

jo aed BP al ll 
& arterial $2,250,000 | lane Plan Estimate Urban capacit 

at prade $6,000,000 | lane Guidebook One lane 
Fl FP PP 
at grade $11,500,000 | lane 1-70 MIS One lane 


* South Front Range Corridor Analysis 
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TABLE R2 (continued): Construction Costs 


Capital Construction/Purchase Costs 


Mode | Cost ——s[ Unit —s [Source ——sd| Comments — id 
at grade $582,500 | lane Overview Report ROW, one lane 
at grade $1,950,000 | Jane NHI Course 15257 ROW - 1994 ($ 


Interstate highway $/mile/ One lane, general 
at grade $8,00,0000 | lane SFRCAS * purpose 


PP lb 
Arterial (at grade $4,000,000 | lane Guidebook One lane 
ee ee ee 
Atterial (at grade $644,000 | lane Overview Report ROW, one lane 
lane 1994 dollars 
oe 
Bike path $250,000 | lane Plan 
Toll collection $222,000 | lane NHI Course 15257 and equipment 
Vehicle Data Book Average cost 
emesis cae nal oO 
Vehicle Data Book Average cost 
locomotive $1,200,000 | Each Book 1996 dollars 
locomotive $2,200,000 Vehicle Data Book Engine - 1997 ($ 
locomotive $4,800,000 | Each Book APTA Fact 1996 dollars 
Bus (40’ diesel) ~ Diesel, 40 passenger 
Vehicle Data Book 1997 dollars 
| 1998 dollars 
Bike $450 | Each ee 
depreciation $3,759 | Each ee 1995” Average car 


of purchase $.267 | $/VMT_ | CDOT Average car 
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TABLE R3: Economic Indicators 


Consumer Price Index 


The Consumer Price Index (CPJ) is used, in efficiency analysis, to adjust the monetary value of 
prices or costs from their dated year to another year, usually to the decision-making year. For 
example, the average wage rate for a county may be known for 1995 but the decision-making 
year is 1998. The CPI is used to update the wage rate to 1998 dollars. The CPI is calculated 
from historical prices and costs, therefore it ts not used to adjust to future monetary values. 
The CPI is available (by month and by year) from the US Bureau of Labor Statistics at 
www.stls.ftb.org/fred/data/cp1/update/cpi01. The table below contains the most recent CPI at 
the time this guidebook was prepared. 


CONSUMER PRICE INDEX US BUREAU OF LABOR STATISTICS 


Lvear_| san | ro [ator | soe | ntey [ime [a | ane | sp [on | ror | dee | em 
fusr lus [ines |i | urs |e | ues | up | ngs | aoe | 1203 | 10s | 
imp [ rau | sane [ia | rans | rose | ross | rose | rns | as _| rss | 1259 | rast 
[ae [ire [1s | ima [vas [v2 [209 [ome [ors [er | res | se [ans | 
jm | iss | see [ras | sas2 | rose [ras | rosa | ra6s | sara | sara | ape | arg 


wn | ies | roi | was | ros | ras | ase | raee | ruse | ras | ras | rasa | vase 


vss [usa sr [a | ere [vers |e | ee |e | roe | vas | voor | | 
je | sea | isso | 1557 | 1563 | rss | user [sr | saa | ssa | ssna | rsee | sc | 156 
sm {iss iss | 1 _| 102 | soos | isos | ros | roe | rorz | rors | rots | 013 | 10s 
jrots [roo [roa | ims [roe [ie [ies [iss [ras | rors | rtm] 
fw» |rsss |ir Leso lisse | | | | | | | [ [| 


Composite Construction Cost Index. 


The Composite Construction Cost Index (CCCI) is used in the same way the CPI is but it is 
designed to apply specifically to transportation infrastructure construction costs. It is available 
annually by state and quatterly for the whole country. It is prepared by the FHWA, Office of 
Engineering. The latest release for the states is grven in the table below. 


COLORADO CCCI, FHWA 


1987 1988 1989 rea 1991 1992 | 1993 | 1994 | 1995 | 1996 
hie 106.7 | 105.1 | 103.8 | 11015 | 114.36 | 114.12 | 126.77 | 114.70 | 152.25 
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TABLE R3 (continued): Economic indicators 


Discount Rate 


The discount rate is an interest rate used in effidency analysis to calculate the present value of 
future expenditures or revenues. Present value means the monetary value in the decision- 
making year. For example, an expenditure of $900,000 to replace some buses in 2020 is worth 
$422,236 in 1998 at the discount rate of 3.5%. It is worth $110,561 if the discount rate is 10%. 
The choice of a discount rate in economic efficiency analysis can be very important in 
determining whether the Net Social Benefits of a project are positive or negative. For further 
discussion of the use of present value in efficiency analysis see the Technical Paper, 
“Transportation Economic Costs and Discounting in Economic Efficiency Analysis”. 
Ultimately, the choice of 2 discount rate is up to the decision-makers using the analysis, but the 
purpose here is to offer some guidance in choosing a discount rate. 


Economic theory suggests two rationales for selecting the correct interest rate. One rational is 
the opportunity cost of capital and the other is peoples’ time preference in consumption. Since 
state funds for transportation projects come from taxes and fees paid directly by citizens, it is 
appropriate to use an interest rate based on peoples’ time preference in consumption. The real 
rate of interest is always used, which is a market rate of interest with the current rate of inflation 
subtracted from it. This corresponds to stating planned expenditures and revenues in real 
dollars, not inflation-adjusted figures. The appropriate time preference interest rate to use is one 
based on real interest rates on US Treasury notes and bonds and on the length of the project. 
These rates ate piven i Appendix B of the US Office of Management and Budget Circular A-94, 
and also at www.whitehouse.gov/WH/EOP/OMB/html/citculars/a094/a094.html. The rates 
in the circular for 1998 are given in the following table. 


REAL DISCOUNT RATES, OMB CIR A-94 (LAN 1998) 


Interpolation can by used for terms in between those shown and the 30-year rate should be used 
for projects or plans longer than 30 years. See the above referenced technical paper for a 
discussion of sensitivity analysis with discount rates. 
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TABLE R4: Elasticity Values 


The concept of demand elasticity is useful in characterizing tip demand. Demand elasticity is 
defined as the ratio formed by the percentage change in trips divided by the percentage change 
in price per trip. Demand elasticity is used in the EEA worksheets to calculate the user benefits 
associated with proposed transportation projects and policies. Many studies have been 
published in which estimates of trip demand and trip demand elasticity values can be found. A 
review of that literature forms the basis for the recommended tip demand elasticity values 
presented below (see technical reference 5 in Appendix Four for this review). 


In order to calculate user benefits for many proposed projects it is necessary to use a value for 
demand elasticity. The recommended elasticity values are presented in the following table. In 
addition the table reports an acceptable range of values for demand elasticity. If one is 
interested in assessing the sensitivity of the calculations for the EEA with respect to the value 
assumed for the demand elasticity, then user benefits should first be calculated using the 
recommended elasticity. After this, a second set of calculations would be developed, by picking 
another value for the demand elasticity from the acceptable range reported here. Note that the 
closet the value for the chosen demand elasticity is to 0, the larger will be the value estimated for 
the benefit in each analysis year. 


Demand Elasticity Values 


Appendix 1 9 


TABLE R5: Emissions by Mode 


Default values for total emissions tates, in grams per mile, by mode are given in the table 
below. These ate applicable statewide and ate an average from various soutces. See the 
Technical Paper, “Air Pollution Benefit/Cost and MOE Estimates”, for definition and 
background on total emissions as a measure of air quality. Notice that these are emissions 
per VMT. LRT is assumed to be electric so it has no direct emissions. The CRT emissions 
rate is for one diesel locomotive. A commuter train may have one or more locomotives. The 
emissions tate per train must be adjusted to reflect the number of locomotives per train. 


DEFAULT EMISSION RATES BY MODE 


More site specific emissions rates, which reflect differences within modes, can be found by 
using the categories defined by the EPA in its MOBILES-A vehicle emissions model. The 
model has five categories of SOV/HOV/HOT vehicles and two categories for buses. For 
example, if a TPR believes that a project location has a significantly higher percentage of 
pickup tuck VMT then the state average, the emission rate for SOVs could be recalculated to 
adjust for this. It would be necessary to have the Air Pollution Control Division of the 
Colorado Depattment of Public Health and Environment ran MOBILE5S-A to calculate the 
new emissions tates and to total them following the definitton in the Technical Paper 
teferenced above. The Division will consult with analysts, run the model, and provide 
results. Emission rates are made site specific by a number of classifications available in the 
model. Some of the classifications are: area type, toad class, year, season, time of day, 
ambient temperatute, altitude, speed, and VMT mix. Area type is central business district, 
fringe, urban, suburban, or rural. Road class is freeway, major regional, principal arterial, 
minor arterial, collector, ramps, or local. WMT mix refers to the age and vehicle type 
composition of the area fleet. Other classifications are self-explanatory. 
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TABLE R6: Emissions by County 


County missions Concentration PM Ratio*** Population 
Total tons/year** jayg. annual Le Ue/m? to tons/yr 


¥*Total Emissions = VOC+NOX+SO2+PM jot PMa s+NH3 
***Multiple county ratios = (sum concentrations) / (sum emissions) 


Appendix 1 121 


TABLE R7: Transit Fares 


The table below shows example of transit fares for different urban providers as well as some 
national averages. The table does not provide examples for inter-city transit fares and thus, care 
should be exercised when estimating a default rate for a particular transit corridor. 


FARES TABLE 


TYPE OF SERVICE PROVIDER/SOURCE 


ee 


Bus fixed route — 75 
Local off peak 
Local peak 

Bus fixed route — Vail No charge 


Local (in town 


Bus fixed route APTA (natl. average)* 70 

Express/commuter 

Regional service 

Bus fixed route — Avon/Beaver Creek 
Regional service 

Bus demand responsive — fe 2.50 

Bus demand responsive Fort Collins : 1.80 

Bus demand responsive 1.00 

Bus demand responsive APTA (natl. average)* 2.21 

Light Rail — off peak RTD 75 

Light Rail APTA (nat]. average)* 

Commuter Rail APTA (natl. average)* 
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TABLE R&: Maintenance and Operating Costs 


Maintenance & Operating Costs 


|Mode___ | Cost__—| Unit___—_—| Source | Comments 


ommuter Rai $52,233 | $/mile Rail Stud orridors 


Commuter Rail (CS 
to Denver 
Commuter Rail (CS 
to Denver 


Commnuter Rail 


Commuter Rail 
High speed Rail 

Denver to Vail 
LRT (inter-regional 
electric 


$76,800 | $/mile SFRCAS * vehicle operation 
New track and 
vehicle operation 


asta ee 1997 APTA Transit | Vehicle revenue 
$10.10 | $/VRM Fact Book miles (VRM) 


$9.96 | $/VRM CUTS tables 1989 dollars 
I-70 Major 
$1,470,0 | $/mile Investment Stud MIS 


$57,600 | $/mile SFRCAS * operation 
$9.95 NHI Course 15257 | 1994 dollars 


LRT (RTD service $15.57 | $/VRM FTA Report 


LRT 

Transit (RTD bus RTD 1996 Annual 

& LR $4.93 | $/VRM FTA Report 
era el 

Transit (RTD bus $5.58 | $/VRM FTA Report 

Transit (bus 

service $5.76 | $/VRM NHI Course 15257 | 1994 dollars 

Transit (fixed route 1997 APTA Transit 

bus service $5.45 | $/VR Fact Book 1996 dollars 


Transit (demand Ee hea 1997 APTA Transit 
responsive bus $2.43 | $/VRM Fact Book 1996 dollars 


Bus/HOV (at 

grade 

Bus/HOV (at 
prade) 

Bus/HOV (at grade 
CS to Den 


Highway(interstate 
& arterial 
Highway(interstate 
& arterial 


$92,800 | $/mile/lane | NHI Course 15257 | enforcement 
Penge PRE laa 
$163,901 | $/mile/lane | SFRCAS * operation 
Pre ae 
$24,526 | $/mile/lane | Transportation surface and enforc. 


CDOT Statewide M&O/surface 


$13,675 | $/mileflane | Plan condition 
Public roads in 1993 


$8,439 | $/mileflane | 1995 C&P Report | dollars 


Highway(interstate [eae CDOT MMS 96/97 
& arterial $4,201 | $/mile/lane | Annual Report No overhead 
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TABLE R8 (continued): Maintenance and Operating Costs 


Matarenance & Operating Costs 


[Cost___| Unit | Source | Comments 


Mode 
& arterial $4,649 iew Report 
& arterial $7,505 | $/mileflane | Overview Report O&M 
Highway(interstate ro Economic 
& arterial $10,000 | $/mileflane | Impacts 
at prade $/mile/lane 1984 dollars $340,000 every 6 yrs 
at grade $/mile/lane 
at grade $/mile/lane 
ears — 1994 ($ 
Report 242 
Toll Collection $141,900 | $/mile/lane | TRB Special 1991 dollars 
Report 242 
Report 242 
1998 dollars 
Auto maintenance $.082 | S//VMT 


Auto insurance 


$.056 | $/VMT CDOT 


$.002 | $/VMT 


OT 


CDOT 


element PE 17.0 | % CDOT cost 
cost 


element ROW 


Overhead - (CE CDOT cost 
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TABLE R39: Current and Future Travel Volumes by Mode 


For the Baseline scenario the number of trips for each mode should be obtained from available 
counts. When periods shorter than 24 hours are analyzed but tip counts are only available per 
day, Tables 41 of the NCHRP report 365, “Travel Estimation Techniques for Urban Planning” 
can be used to determine the percentage of the daily trips that correspond to the period — 
analyzed. Conversion from analysis period to daily units is required when reporting some 
MOEs. 


In order to estimate a percentage increase in the number of trips from the Baseline to the future 
No-build scenarios, the expected percentage increase in population between these two yeats can 
be used as default for all existing travel modes when more accurate information is not available. 


Percentage of trips expected to use a new transit alternative 


The expected ridership for 2 new transit mode will depend in part on the characteristics of the 
new mode considered as well as those of the existing modes (e.g., speed, comfort, safety, etc.). 
It will also depend on the fare or cost of the modes, the flexibility of the schedule offered by the 
transit mode, extent of transit services, and the level of accessibility (e.g., distance from transit 
stops to final destination and number of transfers needed). 


The expected nidership will vary greatly according to the particular context of the proposed 
transit system from a range of 1-2 %, for a limited schedule rural system; to a 84-92 %, observed 
for buses in busy arterials in Philadelphia, Chicago, New York, Washington, San Francisco, and 
Los Angeles (See Table 12-4 of the 1994 HCM). No data is available for Colorado concerning 
observed percentage of transit trips taking place in a particular corridor. However, the total 
1990 share for transit trips to work (Bus and Rail) for some MSAs are as follows: 4.08% for 
Denver-Boulder-Greeley, 1.00% for Colorado Springs, and 0.92% for Pueblo (Bureau of 
Transportation Statisttcs, 1990). 


The analyst should consider all the characteristics and the context of the proposed mode when 
determining the expected share of the total trips likely to occur. In any case, given the suburban 
and rural nature of most places in Colorado, a range from 1 to 8 % is recommended -when no 
other information is available- for cases where highway is the only existing altemative and a 
transit mode is proposed. 


Appendix 1 - 15 


TABLE R10: Maintenance & Operations Component Elements 


Maintenance and Operations consist of expenditures needed to keep a mode of transportation 
efficiently running. M&O costs can be divided into three areas; infrastructure M&O, passenger 
service delivery M&O, and administration and overhead. 


The roadway modes (SOV, HOV and even HOT) and the non-motorized modes (BIKE, PED) 
have the overwhelming majority of their costs loaded into the infrastructure component. The 
transit modes have a significant portion of their costs loaded into the service delivery 
component. This is largely due to the labor-intensive nature of passenger service delivery 
operations. Wages are paid to service delivery employees, which include drivers, dispatcher, fare 
collectors, etc. In contrast, the roadway modes do not account for the private vehicle operators’ 
value of time under maintenance and operation. 


Colorado and national transit figures wete reviewed to approximate a percentage of the M&O 
costs that could be attributed to the Service Delivery Components area. The reported 1998 
expenses for wages, benefits and materials for a selection of Colorado bus operators was 
compated to the total reported operating expenses. The average percentage of the service 
delivery elements was 75%. <A similar compatison was made using national figures from The 
APTA 1997 Fact Book, which reported operating expenses by mode. The national bus 
percentage of wages, benefits and fuel/lubricants was 75%, with both light Rail and commuter 
Rail being calculated at 72%. 


The following chart uses these amounts for the service delivery line. The 
administrative/overhead component is assumed to be 10% across the board. 


MAINTENANCE AND OPERATIONS COMPONENT PERCENTAGES 


SAIS al sll el 
S E 


“Service Delivery Component | 0% | 0% | 05% |75%| 72% | 72% | 0% | 0% | 
‘Administrative/Overhead | 10% | 10% |” 10% | 10% | 10% | 10% | 10% | 10% | 
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TABLE R11: Travel Time Relationships for Highways 


The time it takes to travel a transportation segment is dependent on the distance and allowed 
speed and is also affected by the level of congestion present on the segment. The following 
delay function (first proposed by the Bureau of Public Roads in 1965) is generally used to 
estimate the travel time for a highway segment (with no signaltzed intersections): 


Travel Time =| Free Flow Travel Time *| 1+ {Cones Volume r) 
Capacity 


Where aand fi , ate patametets calibrated to the flow conditions of the highway analyzed, 
alpha and beta values for freeways range from 0.15 to 1.00 and from 4 to 10, respectively. 


The default parameter values suggested in the manual worksheets are 0.84 and 5.5, as 
recommended for 60 mph design freeways in ‘Travel Estimation Techniques for Urban Planning 
—NCHRP Report 365. Other values for alpha and beta can be used for highways with different 
design speed as shown in the following table from the report mentioned above. 


BPR COEFFICIENTS | 


FREEWAYS 


a 
70 mph 60 mph 50 mph 
Bea | 4 | 98 | 55 | 36 | 


The Free-flow Speed used in the formula above is generally estimated as the speed limit for a 
transportation segment plus 5 miles/hour. The capacity for a particular highway facility is 
estimated according to the description in Table R15. 


The calibration of site-specific travel time functions requires observations of travel times on 
the segments studied under different flow levels and capacity values computed from the 
Highway Capacity Manual procedures. This calibration effort is expected to find the alpha and 
beta site-specific parameters to be used in the above travel time relationship. 
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TABLE R12: User Costs 


User Cost is defined as the total expenses incurred by all individuals that use the transportation 
system. User costs are commonly divided into variable expenditures and periodic expenditures. 


Variable user cost is the sum of those expenditures which vary directly with the number of trips 
taken. They ate expenditures on gasoline, transit fares, parking, and tolls. Often they are 
referred to as out-of-pocket expenses. The MOE summary tables show variable user cost, on an 
annual basis, by mode and the EEA summary table shows annual variable user cost for the 
whole corridor. It is possible to compare variable user cost in the No-Build case with what it 
will be if a project is built to answer the question - will aggregate out-of-pocket expenditures by 
individuals using the transportation corridor be smaller or larger with the project completed? 
Some projects may change variable user cost. A mass transit project may reduce cortidor-wide 
variable user cost if transit fares are lower than what travelers would have spent out-of-pocket 
using the SOV mode. 


Periodic user cost is the sum of those expenditures that are needed for access to the 
transportation system. These are expenditures to purchase and maintain vehicles that the 
individual needs to utilize the system. Mostly these are automobiles and other light duty 
vehicles, but bicycles ate also included. Walking shoes are ignored. The distinction between 
petiodic and variable use cost is that once a periodic-type expenditure is made it does not change 
regardless of the number of trips taken. Periodic user cost includes annual expenditures on auto 
purchase, auto insurance, auto maintenance, registration/licensing/tax, and other equipment 
purchase. These may change somewhat overt time if mass transit grows significantly, but given 
the large dependence of the existing transportation system on the automobile, it does not seem 
significant changes will be seen. 


Some of the values used in calculating user cost are site specific and ate entered by the analyst on 
the user input form UI. These are, miles per gallon, gasoline price, transit fares, parking prices, 
and tolls. If a site-specific value for miles per gallon is not available, a reasonable default for 
gasoline cost is $0.068/VMT. Site specific values may be used for the other user cost variables 
ot the following default values which are taken from the Boulder Cost of Travel Report (1997). 
Auto purchase cost, $0.267/VMT; auto insurance cost, $0.056/VMT; auto maintenance, 
$0.082/VMT; auto registration/licensing/tax, $0.002/VMT; and other equipment purchase. 
The default values are denominated in $/VMT to take into account variation in the number of 
travelets over the analysis time horizon, not because they change with the number of trips taken. 
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TABLE R13: Value of Time 


The price of making a trip is determined both, by the monetary expenses that may be incurred 
for the trip and by the amount of time that must be incurred for the trip. In order to express the 
price of a trip entirely in monetary terms it is necessaty to convert the amount of time to the 
value of time spent to make the trip. The VOT is an estimate of the monetary equivalent of 
spending one hour making a trip. 


Numerous studies have been published that estimate the VOT. Generally the estimated values 
fall within the tange of 1/3 to 2/3 the wage rate. It is recommended here that an estimate of 2 
the wage rate be used to develop the unser benefit calculations. In the event that one is interested 
in assessing the sensitivity of the EA analysis to the assumed VOT it is recommended that one 
of the end values for the accepted range be chosen for a second set of EA calculations. Note 
that choosing a larger value for the VOT will lead to larger user benefit estimates. 


The tecommended source for wage rate information by county its the Bureau of Economic 
Analysis report on Average Wage Per Job. This report is available online at the following web 
page address: 

http://www.bea.doc.gov/remd2/ca34/cowsavg.htm 
Data for Colorado counties in 1995 are summarized in the table below. Given the county 
measure for average wage, the wage rate can be calculated as follows’: 

wagetate = averagewage + 230 + 8 

($/hour) ($/year) (workdays) (hours/day 


The VOT is then % (or 1/3 or 2/3) this wage. This value will be for the year in which the 
personal income measure was available and, it will have to be adjusted using the CPI to the value 
for the same year in which all the monetary values are being expressed for the EEA analysis. 


1995 Average Wage Per Job 1995 Average Wage Per Job 


[county __| Average Wage | | County __|_Average Wage 
fans ate | <a | COA 
famosa 19470 | eyeme | 25 
frapaboo | __3083 | ewok [IST 
fiche 


Archuleta 16723 | Conejos 16602 


2 


'The number of workdays is 230 because the wage data is annual and includes both full time and part 
time jobs. 
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TABLE R13 (continued): Value of Time 


1995 Average Wage Pet Job 1995 Average Wage Per Job 
Lcomiy | average wags | | county | average wage 
Delta = | 186050 | | Mineral 15147" 


16505 || Monrama——| 9002 
mas [Moen «(20006 


a 


Garfield 22088 | | Phillips 17563 
71381 [| Fin | 24602 


17078 [Pew [7a 


EL [[RieBianco [2293 


jane [Row | 2 


woe | [Sanam | 
caea7_— | [San Mist 2007 


19759 Ml pacer 16529 
20394 [| Sunanit 19896 


a 


as Animas [T9857 | Wastngon aT 
[Tncoin 98S [We 
[togsn [15 ames 
a 2 


Source: Bureau of Economic Analysis, Table CA34 Average Wage Per Job, For 
Counties 
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TABLE R14: Average Travel Speed for Transit 


The average travel speed for transit modes is based on the total time it takes a transit vehicle to 
cover a route from end to end. In addition to the maximum allowed speed that a transit vehicle 
can attain, the critical factor is the spacing of stops. Actual average speeds for transit vehicles 
are relatively low. Based on 1992 data for revenue vehicle-miles (US FTA, 1993), the national 
average speed for LRT systems was 17.7 mph; for buses it was only 11.9 mph (average for the 
20 largest bus systems in USA with operation mostly on city streets); and for heavy Rail systerns 
it varied from 19.8 to 32.1 with a national average of 21.9 mph. 


When no information on avetage transit speed is available to be entered in entry 4 of 
Worksheets B-b, B-c, and B-d, or Worksheets H-b, H-c, and H-d, default values based on the 
national averages mentioned above could be used as follows: 


18 miles per hour for LRT 
12 miles per hour for buses 
22 miles per hour for CRT systems 


Higher average speeds should be specified for cases where the separation between transit stops 
is large or when the transit system is located along a rural or suburban corridor. 
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TABLE R15: Capacity 


The most common definition of physical capacity is the maximum rate of flow of persons, goods, or 
vehicles that can reasonably be expected during a given time period through a link or node. See NCHRP 


Report 399. 


HIGHWAY CAPACITY 

Capacity for highway links is generally estimated by using the procedures contained in the 1994 
Highway Capacity Manual (HCM), which accounts for the physical limitations and other 
characteristics of the links. General values for some highway types are as follows: 


Two-lane Rural Highways. The capacity for two-lane highways (both directions) is affected 
by directional split and it ranges from an ideal total capacity of 2,800 peph* for a 50/50 
condition to 2,000 peph* when all the traffic travels in only one direction. In addition to 
directional distribution, other factors such as; (1) narrow lanes and shoulders, (2) percentage of 
heavy vehicles, and (3) V/C ratio of the traffic stream, also affect the final capacity. 


Freeways. Maximum tecommended capacity (at LOS E) for freeways with a free-flow speed of 
55 mph to 70 mph varies from 2,200 to 2,300 pcphpl (See Table 3-1 of the 1994 HCM). Ranges 
of maximum observed capacities for different types of freeways ate as follows (See Table 2-2 of 
the 1994 HCM): 


For 4-lane freeways — from 1,900 to 2,650 vphpl with and average of 2,220 vphpl. 
For 6-lane freeways — from 1,870 to 2,500 vphpl with and average of 2,170 vphpl. 
For 8-lane freeways — from 1,670 to 2,270 vphpl with and average of 2,060 vphpl. 


Signalized Arterials. Capacity at intersections is defined for each lane group and 1s highly 
dependent upon the signalization present and, therefore, highly variable. The allocation of green 
time and how the turning movements ate accommodated within the phase sequence are the 
main determinants of capacity of a lane group. 


In general, an adjusted saturation tate (in vphg) is obtained using the ideal saturation flow and 
adjusting it with different factors for; (1) lane width, (2) heavy vehicles, (3) grade, (4) parking, (5) 
bus blockage, (6) area type, (7) night tums, and (8) left turns. .A Lane Group Capacity is then 
obtained by multiplying this adjusted saturation flow rate times the g/C ratio for the lane group. 
The ideal or default saturation flow 1s 1,900 vphgpl. See pages 9-112 and 9-115 of 1994 HCM. 


peph = per car per hour pcphpl = per car per hour per lane 

vphpl = vehicles per hour per lane vphgpl = vehicles per hour of green per lane. 
¢/C = green time over cycle time for a lane group or approach 

TRANSIT CAPACITY 


Transit capacity deals with the movernent of both people and vehicles and depends on the size 
of the transit vehicles and how often they operate. Transit capacity is usually measured by the 
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TABLE R15 (continued): Capacity 


maximum number of persons that can be moved on a single track or single lane in one hout. 
Factors that affect transit capacity are (See Chapter 12 of the HCM, 1994): 


1. Vehicle characteristics 2. Passenger traffic characteristics 
3. Right-of-way characteristics 4. Stop characteristics 
5. Operating characteristics 6. Street traffic characteristics, and 


7. Method of headway control 


Buses. The maximum theoretical capacity for buses is 1450 buses per hour per lane [Rothery et 
al, 1964]. If each bus has 50 persons, that would come to 72,500 passengers per hour (with no 
stops or delays). The highest volume ever observed was 735 buses and 32,560 passengers in one 
hour at the Lincoln tunnel in New York [Black A., 1995]. The number of seats per bus vary for 
the different bus types as follows: 


18-30 seats for minibuses 
47-53 for regular buses 
66-72 for articulated buses 


The default number of seats suggested is 50 per bus. 


Rail Transit. The capacity of a Rail line depends mostly on the minimum spacing (headway) 
between trains, and station (or stop) capacity. The maximum train length is governed by peak 
hour demand and should be compatible with the length of station platforms or loading areas. 
Commuter Rail trains commonly have 4 to 11 cats, whereas LRT trains are limited to a 
maximum of three cars. Rail cars generally vary from 50 to 75 seats per car. 


The number of buses or train cars to be entered in worksheets B, E, and H, in cells B-b, B-c, B- 
d, etc., can be calculated using two different approaches: 


Dividing the higher segment volume of bus trips per direction by the capacity of the bus. The 
number of trains (LRT or CRT) can be calculated dividing the higher segment volume of 
LRT/CRT trips per direction by the capacity of the train. Train capacity equals the number of 
cars per train multiplied by the seat capacity of a car. The number of transit units to run will 
determine the headway. 


Determining the desited headway for bus or train runs and then performing the above 
calculations. The volume of bus or LRT/CRT trips will be per headway period in this case. 
That is, if transit runs are made every 20 minutes, the number of trips considered should be per 


20 minutes. 


In either case, these calculations should be performed for each different scenario and the result 
should be rounded to the next integer number. For example, if the number of bus trips divided 
by the capacity of a bus is equal to 2.3 then 3 buses should be considered. If the number is only 
0.55, the 1 bus unit should be used. 
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TABLE R16: Average Percent Daily trips by Hour and Trip Purpose 


Time-of-day tables showing the distribution of hourly trips through the day ate shown below for ateas 
with different population ranges. These tables ate reproduced from the NCHRP Report 365. 


Urban Size 50,000 to 199,999 


“Begining |_| 

[0:00am 0.33] 0.4] 0.49 

[1:00am] 0.07|_—0.17|_—0.12 
| 5 27 


_ 4:00a.m| 1.00] 0.08] 
| _5:00 a.m|__2.79{__0.18_0.08 
| 6:00am] 8.34] 1.4] 0.46) 
—Fooam| 1387] 5.53] —2.07| 7.09 
-—s00am|— 7ed|— seq] 2.27] 525 
[3:00am 3.36] 4.27 3.76 3.8 
| 10:00a.m| 2.79] 5.86] —5.4|__4.68) 
| 14:00am] 2.65] 6.44] 7.22{ 5.44 
| 12:00am] 3.72] 6.4] 11.26 7.13 
[| 1:00pm] 3.26] 6.34] 8.77] 6.12) 
| 2:00pm] 4.12] 7.7] 8.31] 6.71 
| 3:00p.m| 8.3] 8.06] 9.74] 8.7 
| 4:00 p.m] 10.31] 7.25] 9.28] 8.95) 
| 5:00 p.m.| 10.66] 7.32] 8.56] _—8.85) 
| 6:00 p.m.| 5.01] 7.441 7.19] 6.55) 
| 7:00p.m| 2.79] 6.71] 5.52] 5.01 

| 2.29] 3.95] 3.06]_3.1 


| _9:00 p.m.| 
[10:00pm] 2.26] 2.25] 1.55] 2.02] 
| 11:00p.m.[ 1.69] 1.37] 1.06]__—-1.37/ 
Source: 1990 

NPTS 
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TABLE R16: (continued) Average Percent Daily tips by Hour 


Urban Size 200,000 to 499,999 


[Hour | HBW | HBO _[ NHB 


Begining | ‘|_| 
0:00 a.m] 0.35 029] 0.48 


(—s:00 am| 8.88 1.2) 0.8 
wove 806) E49 2.05 
[—&:00 am 9.09| 4.72| 6.08 
1:00am] _2.63| 5.16 4.62 
1:00am] 2.29| 5.09 330 
2:00am, 2.66| 6.43] 10.04 
1:00pm] 2.86] 6.19] 9.08 
2:00 p.m. 
3:00 p.m, 6.58| 6.25] 10.36 
[5:00 pm| 12.24 7.23] 82 
— 7.00 pm| 2.69] eral 4st 


#00 pm] 1.84] 6.36] 367 
rianopm| 06 247 2.00 28 
Fr0opm| 1.89 176] 1.28) 16a 
Source: 


1990 NPTS 


Urban Size 500,000 to 999,999 


[Hour [ HBW | HBO | NHB | ALL 
[Begiming[ | |_| 
0:00am] 0.35 | 0.32 | 0.34 | 0.34 
[4:00am 0.21 | 0.19 [025 | 022 
"0.36 | 026 | 0.32 | 0.31 
0.19 | 0.12 | 0.23 
[4:00 am.| 0.68 | 0.06 | 0.06 | 0.33 
-5:00am{ 2.04 [0.24 | 0.07 | 1.08 
3. 
105 | 6.63 
(8:00am. 9.63 | 618 | 2.25 | 6.02 
[ s00am] 43 | 468 [3.32 | 4.17 
10:00am] 2.26 | 6.55 | 5.90 | 44 
[11:00am 1.86 | 5.61 | 7.47 | 4.98 
[12:00 am 2.92 | 6.06 | 17.97 | 6.78 
[1:00pm] 2.68 | 6.72 | 802 | B77 
- 2:00pm 38 | 7.63 | 9.15 | 6.86 
"3:00 p.m] 676 | 91 | 951 | 8.46 
(400p.m] 9.31 | 69 | 664 | 828 
5:00 pm 12.04 | 7.37 | 9.01 | 0.47 
[6:00 p.m 6.67 | 7.04 | 6.82 | 6.82 
| 7:00 p.m] 3.26 | 6.92 | 5.61 | 526 
P 8:00pm] 22 | 5.38 | 3.89 | 3.82 
3.04 | 3.07 
[17:00pm] 161 | 1.79 | 1.42 | 1.61 
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TABLE R17: Maximum Theoretical Capacity for Highway and Transit Modes 


Theoretical Transit Line Capacity. The maximum number of spaces that can ideally be 
cattied over a transit line ot highway segment during a given time period with every transit unit 
operating at the minitnum headway that the control system permits. 


For transit, the capacity (in passengers per hour) can be calculated using equations 12-2 in the 
1994 HCM as follows: 


C, =nsC, 
whete, 
C, = maximum transit passengers per hour 
= vehicles per unit (1 for buses, 1-11 for Rail vehicles) 
S' = passengers per vehicle 
C, = maximum number of vehicles per hour per channel. This is calculated as 


3,600nSR 
C, =——— 
D+t. 


where, 
R = reductive factor to compensate for dwell time and artival variations 


h=D-+t, = headway between successive units in seconds 

D= dwell time at stops in seconds (the time that a transit vehicle is stopped for the 
purpose of serving passengers). 

t, = clearance between successive vehicles in seconds 


Maximum recommended R values are 1.00 for Rail transit and 0.833 for bus. 


Maximum theoretical capacity for Bus per lane per hour: 


1, On exclusive bus roadways with uninterrupted flow and no stops for passengers (see 
Table R15) 
1450 buses * 50 persons/bus = 72,500 passengers per hour 
2 Number of bus passengers is obtained from C, = — 
+f, 


(Assuming platoons of stx buses, 50 passengers per bus, R=0.833, and dwell time and 
clearance time equal to 30 seconds and 15 seconds, respectively) 


Maximum bus passenger capacity = (3600*6*50*0.833) / (30+15) = 20,000 
passengers per hour 
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TABLE R17: (continued) Maximum Theoretical Capacity for Highway and Transit 


Maximum theoretical capacity for CRT per track per hour: 
Assuming a headway of 90 seconds between trains, 11 cars per train, and 75 passengers per car, 


3,600(11)(75) / 90 = 33,000 CRT passengers per hour 


Maximum theotetical capacity for LRT per track per hour: 
Assuming a headway of 60 seconds between trains, 3 cars per train, and 75 passengers per car, 


3,600(3)(75) / 60 =13,500 CRT passengers per hour 


Maximum theoretical passenger capacity for highway lanes per hour: 
Theoretical Highway Capacity. The maximum number of vehicles that can pass over a given 
section of a lane or roadway in one or both directions during a given period under ideal 


environmental, roadway, and traffic conditions. 


a Assuming a capacity per highway lane of 2,400 vehicles per hour and occupancy equal to 
4 persons per vehicle. 


2,400*4 = 9,600 passenger per hour/lane 
2. Assuming an occupancy of five persons per vehicle. 


2,400*5 = 12,000 passengers per hour/lane 
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TABLE R18: Bike and Pedestrian Benefits 


Unfortunately, there ate no previously published studies that estimate demand elasticities for 
bike or walking trips, as is the case with automobiles, bus, and Rail transit. Therefore a different 
apptoach may have to be taken in order to estimate benefits associated with projects that impact 
bike and pedestrian modes. There might be three types of projects related to bike and pedestrian 


modes for which benefits can be calculated. 


(1) Many proposed projects involve creation of a new bike/pedesttian path. Often these 
projects involve greenways or other parklands. The bike/pedestrian paths which are created 
may be used for work commuting trips as well as for recreational biking and walking 
activities, both of which provide economic benefits to those making use of the new 
bike/pedestrian path. The benefits of these recreational biking/walking uses of the new 
paths can be calculated based on the following estimates of benefits per recreational day (in 
Match 1998 dollars): $18.68 for biking and $12.78 for walking.” Given an estimate of the 
number of biking and walking recreational trips on the path annually, the economic benefit 
is calculated by multiplying the number of days for each type of use multiplied by the 
appropriate benefit value. There ate no similar values for commuting trips by bike or 
pedestrian modes. Therefore, the benefit calculated for these projects should represent a 


lower bound estimate of the benefits of such projects. 


(2 


er 


If a project is expected to decrease the average time required to make a trip by bike or by 


walking, then the benefit of the project can be calculated using Form BB2 User Benefit 


Worksheet for Project That Increases Capacity. 


(3) If a project's purpose is to increase the safety of bike or pedestrian trips, then there should 
be estimates of fatalities that would be entered in Form CC Safety Benefit Worksheet in 


otder to calculate the benefits of this type of project. 


John C. Bergstrom and H. Ken Cordell, An analysis of the demand for and value of outdoor recreation in the United States, 
Journal of Leisure Research 23(1) 67-86 (1991) 
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Appendix 


lilustration of MOE and EEA 
Analysis 


Example Project Analysis 


The purposes of this appendix are first, to illustrate the information provided by both the MOE 
and EEA calculations described in this guidebook, and second, to illustrate the derivation of this 
information. Both these purposes will utilize a “case study” which involves the I-25 corridor 
from Lincoln Avenue on the south side of the Denver metto atea to North Academy Blvd. on 
the north side of the Colorado Springs metto area. .At present, specific segments of the I-25 
highway experience significant rash hour traffic. The case illustration assumes that as part of the 
long tange planning process there is an interest in examining alternatives that might ease the 
congestion problems now and in the future. 


Baseline Projection 

The analysis will be conducted in terms of three segments which seem natural in view of trip 
demands and posted speed limits: (1) between Lincoln Avenue and Castle Rock, (2) between 
Castle Rock and Monument, and (3) between Monument and North Academy. The basic 
analysis is developed with respect to four analysis years: 2000, 2010, 2020, and 2030. It is 
assumed that the analysis is developed to support a decision in 1998 with respect to the 
proposed project alternatives. Data for the analysis comes from traffic counts with 1990 as the 
reference year. Projections of number of trips during rush hour for each of the segments were 
developed based on population projections, and it is assumed that the number of trips will 
increase by the same percentage as the population is projected to increase. The specific 
percentage increases in trips by segment and relative to the 1990 baseline are summarized in 


Table A3-1. 


[CORRIDOR SEGMENT [2000 | 2010 | 2000 | 2030 


Table A3.1. Projected increases in population and rush-hour tups relative to 1990. 
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The baseline and projected peak-period trips (in both directions) by segment are presented in 
Figure A3.1. The number of morning peak-period trips, both directions, in 1990 between 
Lincoln and Castle Rock were 6650, between Castle Rock and Monument were 5075, and 
between Monument and North Academy were 7350. The projected increase in the number of 
taps by the year 2030 will result in an increase of 13300 tn morning peak-pertod trips between 
Lincoln and Castle Rock, an increase of 7613 trips between Castle Rock and Monument, and an 
inctease of 8820 trips between Monument and North Academy. 


1990 200 


= = = Lincoln-CRock at == CRock-Monum ae Monum-Academy 


Figure A3.1 Baseline and expected peak-peniod trips by corridor segment. 


While the number of trips and the increase in number of trips may seem to be significantly large, 
it is difficult to judge what the number of trips means with respect to travel conditions without 
taking the highway capacity into account. One way to characterize the baseline conditions, given 
the projected growth in the number of tups, is to examine what can be expected to happen to 
average speed on each of the segments. Note that since the number of trips for each segment of 
the I-25 corridor is not uniform in each direction, the problems assoctated with rush hour 
congestion are more or less sevete depending on the segment and the direction. 


Presently there are 2 lanes (with an assumed capacity of 2000 vehicles per hour) in each direction 
for the entire I-25 segment under consideration. The baseline conditions for rush hour trips 
along the I-25 corridor can be described in terms of the average speed for a rush hour trp along 
each segment. This is illustrated in Figure A3.2 for each segment tn terms of the direction of 
travel (for the morning rush hour) which is characterized by the most severe congestion in each 
case, The projected conditions for the corridor suggests that by 2010 there will be a significant 
decrease in average speed durtng the morning tush hour for trips between Castle Rock and 
Lincoln Avenue. Speeds for this segment would reach 2 minimum of 17 mph and 8 mph (if 
current is not increased) for the years 2020 and 2030 respectively. For the segment between 
Monument and Academy, speeds would fall (from a free-flow present condition of about 80 
mph) to 60 mph by the year 2020 and to 32 mph by the year 2030. The segment between castle 
Rock and Monument, on the other hand, will not experience impacts on speeds until the year 
2030. 


Appendix 2 - 2 


1990 2000 2010 2020 2030 
= =@ = Lincolm-CRock — - + eCRock-Monum —-—=— Monum-Academy 


Figure A3.2. Baseline projections of average speed (two directions). 


Project Description 


The analysis considers two proposed projects for this I-25 corridor between Lincoln and North 
Academy: (1) to increase the highway capacity by adding one lane in each direction, and (2) to 
create a commuter rail line between Lincoln and North Academy. 


Added Highway Capacity Alternative 
This alternative would add one lane to both the northbound and southbound lanes of I-25 from 
Lincoln Avenue to North Academy Avenue. This will increase capacity from 4000 vehicles per 
hour to 6000 vehicles per hour in each direction. It is assumed that construction would begin in 
the year 2000 and that it will take frve years to complete the entire project for the length of the 
corridor which is 42.8 miles. Construction costs ate estimated at $8 million per mile per lane, 
plus 35.7% for ROW and preliminary and construction engineering. This amounts to $929.2 
million for the 42.8 miles, or $185.85 million annually during the construction period’. 


No benefits are assumed to flow from the Added Capacity Alternative until construction is 
completed. Therefore, benefits begin to be enjoyed for this project in the year 2005. Annual 
M&O costs (including periodic resurfacing) are assumed at $60,000 pert mile per lane plus 10% 
ovethead. This gives an annual M&O total of $5.65million for the 42.8 miles. 


Given the differences in the number of trips for each of the three segments by direction it is also 
of interest to consider the Added Capacity Alternative as being composed of three separate 
projects, one for each segment. Significant congestion is expected for the segment between 
Lincoln Avenue and Castle Rock, especially by the year 2030. In contrast, congestion problems 
for the segment between Castle Rock and Monument are expected to be minor, even by 2030. 


‘For the purposes of analysis it is assumed that the total capital costs are expended in equal increments 
for each of the five years of the construction penod. 


Appendix 2 - 3 


It 1s quite possible that while the added capacity might not be a good investment for the entite 
cottidor length, it could be a good imvestment for only one or perhaps two of the three 
sepments analyzed. As such, the analysis of alternatives will consider not only the entire corridor 
but also each of the specific sections of the corridor. 


Commuter Rail Altemative 

This project would create a commuter rail alternative to car travel in the I-25 corridor between 
Lincoln Avenue and North Academy Avenue. It is assumed that the project will take 10 years to 
complete (year 2010 for first operation). The project would have two rail lines and operate with 
trains consisting of two 75-seat cats. Headways would be 20 minutes during the morning and 
evening peak periods and 30 minutes off peak. Fares would be $3.00 for each of three segments 
or $9.00 for the entire corridor length. The average speed for the trains would be 50 mph. 


It is assumed that construction would begin in the year 2000 and that it will take 10 years to 
complete the entire project for the length of the corridor which is 42.8 miles. Construction 
costs are estimated at $10 million per mile per lane, plus 35.7% for ROW and preliminary and 
construction engineering. This amounts to $1161.6 million ($1998) for the 42.8 miles, or 
$116.16 million ($1998) for each of the ten construction years. 


No benefits are assumed to flow until construction is completed (year 2010). In the year of 
completion there will also be a cost of $40.04 million ($1998) to obtain the equipment that will 
make up the trains. Annual M&O costs ate assumed at $120,000 per mile per lane plus 10% 
ovethead. This gives an annual M&O total of $11.3 million ($1998) for the 42.8 miles. It is 
assumed that every ten yeats it will be necessary to “tefurbish” the new equipment at a cost of 
$19.25 million ($1998). 


As explained in the description of the added capacity alternative, the differences in highway 
congestion for each of the three segments suggests consideration of the rail alternative for each 
sepinent separately. 


Economic Efficiency Analysis 


Added Highway Capacity Altemative 

The efficiency analysis calculates benefits and costs associated with this alternative in terms of 
ptoject costs and uset benefits. Note that the user benefits are calculated assuming the same 
number of tps are taken annually during rush-hour with and without the project. That is, it is 
assumed that the project itself does not induce any increase in the number of trips. Changes in 
congestion and travel ttme were calculated in terms of user benefits for each of 4 analysis years: 
2000, 2010, 2020, and 2030. Values for user benefits for non-analysis years are interpolated 
between the analysis years. Since the lifetime of this project is assumed to be 30 years, the EEA 
calculations are cartied out from 1998 to 2034, and since the last analysis year is 2030, it is 
assumed that the benefits and costs in the year 2030 are repeated annually into the indefinite 
future. While this is a conservative assumption, since the planning honzon for which population 
or transportation demand growth projections are made ends in the year 2030, without taking the 
projections of population and trip increases farther into the future this assumption seems the 
most prudent.” 

7Of course other assumptions could be made in the context of EEA. However, given the mathematical 


nature of discounting, increments in undiscounted benefits for additional future years add increasingly smaller 
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EEA 1s based on a companson of the discounted present value of benefits and costs for the 
project over the lifetime of the project or in this case from 1998 to 2034. This is done here 
assuming a discount rate of 3.8%. Table A3.2 illustrates the specific calculation of the present 
value of net social benefits for this project. The present value of NSB for the added highway 
capacity project is - $509.40 million. Since the present value of NSB is negative EEA 
tecommends against this added highway capactty project along I-25 from Lincoln to Academy. 
The results of the EEA suggest that construction of an additional lane for the entire I-25 
cotridot can be expected not to provide the people in the community with increased well-being 
compared with taking no action at all along this corridor. Of course this does not mean that 
another project for this comdor might not be consistent with EEA. 


Table A3.2. Net Social Benefit Table 
I Lane Altemative For Entire Corridor (Millions $1998) 


Net Social Present 


[soon seo [soo [ sas | so 616619 
sit 
a 81855) 
ase soon | woot [ss 50 a0 
ris [2 sa [sooo | som | soo | sos) sro | sian 
Tie | 2016 stare] — soon | so | som | ssas_| si | 430 
Fis | m7 J[ss@ | soa | som | so | sss] stom | san 

20 _| aoe |[_sieas | sa | sao | sooo | sses_[_s201_ 
a 
i 


Ble 
i 


[sai | S000 [seo | sooo | ss 
[sooo | so | sooo | s505_| 
[$000 | soa [sooo | ss45 | sam | size] 


elle fe|=P 


amounts to the Present Value of NSB. For example, in Table A3.2, notice the change in the present value of 
NSB between the year 2033 and 2034. Therefore, regardless of the assumptions about what happens after the 
last analysis year, there will be very little difference in the “bottom line” provided in the Present Value of NSB. 
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Table A3.2. Net Social Benefit Table -- (Contd’) 
Add Lane Alternative For Entire Corridor (Millions $1998) 
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Finding a negative value for the present value of NSB for a project this alternative does not 
mean that increasing the capacity of the interstate would not be efficient if considered for 
shortet segments. As noted above, the entire 42-mile length of the corridor experiences 
diffetent levels of trip demand on each of the segments. Thus, it is also possible to define a 
project that would add a lane in each direction for each of these thtee segments. If this is done, 
it turns out that only one segment, 1.e. Lincoln to Castle Rock, would have results that suggest it 
would be efficient to expand highway capacity. The present value calculations of NSB for this 
smaller project are summarized in Table A3.3. Note that since only this shorter segment is now 
being considered the length of the time period assumed for construction is reduced from five 
yeats to three years. Capital costs and M&O costs ate also adjusted to reflect the much shorter 
segment length of only 11.2 miles. The bottom line in this case is that a project that would 
inctease the capacity of I-25 by one lane in each direction only between Lincoln and Castle Rock 
would have a present value for NSB that is positive ($15.5 million). This suggests that by 
expanding highway capacity between Lincoln and Castle Rock, the benefits of the reduced 
congestion would be efficient and could be consistent with people in the communities served by 
this cortidor segment being better off as a result (compated to continuing with the status quo). 
Therefore, efficiency analysis would recommend this smaller project to expand highway capacity. 


Table A3.3. Net Social Benefit Table 
Add Lane Altemative For Lincoln to Castle Rock Segment (Millions $1998) 


User Safety Capital M&O Costs Net Social Present 
Benefits peer Benefits Costs Benefits Value NSB 


Table A3.3. Net Social Benefit Table — (Contd’) 
Add Lane Alternative For Lincoln to Castle Rock Segment (Millions $1998) 
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Commuter Rail Alternative 


EEA calculates benefits and costs associated with this rail project in terms of the project impacts 
described by the MOE analysis: (a) change in travel time, (b) change tn air pollution, (c) change 
in fatalities, (d) project capital costs, and (e) maintenance and operation costs for the commuter 
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rail. Since the project would not be completed until 2010, the changes in travel time, air 
pollution, and fatalities were calculated for only thtee analysis years: 2010, 2020, and 2030. 
Values for benefits and costs were interpolated between the analysis years. Since the lifetime of 
the commuter rail is assumed to be 50 years the EEA calculations are carried out for this entire 
lifetime, i.e. the last year in the calculations is 2059. Since the last analysis year is 2030 it is 
assumed that the benefits and costs in the year 2030 continue annually into the indefinite future. 


EEA is based on a compatison of the discounted present value of benefits and costs for the 
project over the lifetime of the project or in this case from 1998 to 2059. This is done here 
assuming a discount tate of 3.8%. Table A3.4 illustrates the specific calculation of the present 
value of NSB for the commuter rail project, which is - $205.2 million. Since the present value of 
NSB is negative, EEA recommends against this commuter rail project along I-25 from Lincoln 
to Academy. The results of the EEA suggest that construction of commuter rail in this case can 
be expected not to provide the people in the community in general with increased well-being 
compared with taking no action at all along this corridor. 


Table A3.4. Net Social Benefit Table | 


Commuter Rail Alternative -- (Millions $1998) 
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Value 


A negative present value of NSB for a project that would create a commuter rail line along the 

entire 42-mile length corridor, does not mean that a rail project along a shorter segment of the 

cottidor might not be an efficient investment. The different congestion levels for each of the 
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segments suggests that construction along the entire corridor may be too costly piven that the 
benefits of the project aren’t very large for some portions of the corridor. However, benefits 
could be greater than costs for segments with extreme congestion. Developing an EEA for a 
rail line for each of the segments separately results in only the segment between Lincoln and 
Castle Rock having a positive present value of NSB. The present value of NSB calculations for 
creating a rail line only between Lincoln and Castle Rock are summarized in Table A3.5. Note 
that it is assumed that this project would take five years to complete (rather than the 10 years 
assumed for the entire corridor). A project that would create a rail line between Lincoln and 
Castle Rock would have a positive present value for NSB of $108.7 million ($1998). This means 
that creating a rail line between Lincoln and Castle Rock would be recommended by an 
economic efficiency analysis. 


Table A3.5. Net Social Benefit Table 
Commuter Rail Alternative — Lincoln to Castle Rock -- (Millions $1998) 
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EEA Summary 

Efficiency analysis has been used here to evaluate two projects defined for the entire I-25 
cortidor from Lincoln Avenue to North Academy Blvd: (a) the addition of one lane to the 
highway in each direction, and (b) the creation of a commuter rail line. Each of these proposed 
projects could be expected to have negative values for the present value of NSB: (a) - $509 
million for the added highway capacity for the entire segment, and (b) - $205 million for the new 
commuter rail alternative to automobile travel between Lincoln and North Academy. Therefore, 
based on efficiency analysis alone, neither of these projects could be recommended. This 
efficiency analysis suggests that, even though segments of this corridor can be expected to 
become significantly congested by the 2030 analysis period, there are alternative uses for the 
resources that would be of greater value to the community than the benefits provided by either 
of these projects. In other words, the benefits of either of these transportation projects are not 
sufficiently large to justify their costs, and efficiency analysis would recommend that neither of 
these investment projects for the entire corndor be chosen. 


However, it is also possible to think of there being six additional investment projects to consider 
if each of these corridor projects is broken into a separate project for each of the three segments 
analyzed. Specifically, three possible investment projects can be defined by considering adding a 
lane in each direction for the sepatate segments between Lincoln and Castle Rock, Castle Rock 
and Monument, and Monument and North Academy. Similarly, three additional investment 
projects can be defined with respect to commuter rail. Analysis of these additional six projects 
reveals that both increased highway capacity and creating a rail line for the segment between 
Lincoln and Castle Rock would be consistent with economic efficiency, while each of the other 
fout projects fail to pass the efficiency test. In particular, building an additional lane in each 
direction between Lincoln and Castle Rock would have a present value of NSB of about $16 
million ($1998), while creating a rail line for the same segment (with a 10% share of highway 
trips) would have a present value of NSB of about $109 million ($1998). 


Essentially, EEA has been used to evaluate eight different investment projects related to the ]-25 
coridor between Denver and Colorado Springs. Of those eight projects, EEA would 
recommamend rejecting six of them because the resources that would be used in each of those 
projects would be of greater value to the communities served by this transportation corridor, 
than the benefits that would be enjoyed because of any of these six projects. Yet, two of these 
eight projects would be accepted based on EEA since the benefits enjoyed because of each of 
the projects would exceed the costs of each of the projects. But this is as far as EEA is usually 
intended to go. EEA divides proposed projects between those that are recommended against 
and those that are recommended in favor of. EEA itself is not a good means of choosing 
between acceptable projects such as added highway capacity and a rail altemative for the 
segment between Lincoln and Castle Rock. One reason 1s the practical difficulty to consider all 
possible alternatrves to the status quo with respect to the corndor (or problem) being 
considered. Therefore, those who have developed and recommended the use of EHA are 
generally content to “advice” that certain projects are unacceptable while other projects are 
acceptable, and that the choice between acceptable projects can be made with other criteria. The 
recommendation heze is to evaluate different EEA acceptable projects with the MOE index 
which is presented for this case study below. 
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Note that by considering the six additional projects it ts possible to point out why the projects 
for the entire corridor seem bad investments from the perspective of efficiency analysis, even 
though a limited version of each project would be a recommended investment based on ERA. 
While congestion is already significant for the Lincoln to Castle Rock portion of the highway, it 
is significant at this time for the rest of the corridor under consideration. Even with substantial 
increases in population along the corridor in the future, the drives between Castle Rock and 
Monument and between Monument and North Academy do not become sufficiently congested 
(relative to existing capacity) to justify either a new rail alternative or additional highway capacity. 
In contrast, the already congested segment of the highway between Lincoln and Castle Rock is 
projected over the analysis period to become severely congested. While this one segment of the 
highway can justify either increased capacity or a rail alternative to automobile travel, the positive 
net benefits for this segment are not large enough to overwhelm the negative net benefits on 
each of the segments in the rest of the corridor where congestion 1s not significant. Perhaps 
another way to look at these issues is in terms of timing. Finding that EEA analysis would not 
recommend added highway capacity or a rail alternative for the entire corridor at this time (Le. in 
1998), and given the projected increases in tip demand, does not mean that such investment 
would never be able to pass the test of EEA. Waiting five or ten years to reconsider the 
projects, even given the same undiscounted values for benefits and costs in each of the relevant 
time periods, may result in the present value of NSB having a positive sign. In an tmportant 
sense, the EEA for a decision in 1998 is saying that the congestion along specific segments of 
this 1-25 corridor are not yet sufficiently severe for either alternative to be an efficient 
investment and that such projects are not “good bets” at this time. Waiting another five or ten 
years to invest in a project ot projects for the segment from Castle Rock to North Academy 
ptobably makes more sense based on BEA. 


Finally, there is considerable uncertainty surrounding any of the values used 1n any efficiency 
analysis, and as such, it might be the case that an economic efficiency analysis would yield 
different results (ie. different present values of NSB) if the variables considered are different 
than forecasted. For this reason, it 1s recommended that at least a limited sensitivity analysis be 
undertaken to provide some information about how robust the conclusions for the basic 
efficiency analysis presented above should be regarded. 


MOE Analysis 


The MOE analysis calculates different measures for each of the five cote areas chosen to 
evaluate multi-modal projects. The final output of this MOE analysis consists of summaties of 
measutes pet yeat and per analysis period. These are measutes for Mobility, Air Quality, User 
Cost, Safety, and Capital Cost for the different scenarios evaluated. The process for conducting 
an MOE analysis is explained in detail in chapters 2 and 3 and consists, in general, of the 
following steps: 


Definition of corridor segments. 

Completion of User Input Tables describing the corridor and each alternative to be analyzed, 
as well as other relevant data required for the analysis. 

Calculation of baseline year MOEs for each comidor segment. 

Calculation of MOEs for each segment under the No-Build scenario for each analysis year. 

Calculation of MOEs for each segment, for each alternative scenatio, and each analysis year. 
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After these steps, the results are tabulated in summary worksheets (MOE forms M) which are 
then used to perform economic efficiency calculations and to calculate an MOE index. 


As discussed in the EEA Summarty section above, two alternatives (Add-a-lane and CRT rail) 
wete considered under four different scenarios (all three segments, and each segment separately). 
As an example, some filled-out MOE forms are shown at the end of this appendix for one of 
these scenarios (Add-a-lane for the three segments). Summaries of annual MOEs given in Form 
M can also be used to directly compare the estimated measures during project ranking exercises. 
Although, it is recommended to complete the economic analysis and to rank alternatives with 
positive NSB based on the MOE index. 


Out of the eight different scenarios mentioned above, only two ptoduced positive NSB 
tesults—Add-a-lane and CRT rail for the Lincoln to Castle Rock segment. The row measures 
and the measures recommended to calculate the MOE index for these two alternatives are 
presented in Table A3.6 below. 


Alternative 


Commuter Rail 


(Lincoln-Castle 
Rock Segment) 


Add-a-lane 


(Lincoln-Castle 
Rock Segment) 


Fatalities per year P60 | 6.6 
Tons of pollutants per year 2485.0 
243.2 
Weighted Mean Speed (mi/hr 48.7 


--Safety measure 


--Air Quality measure 0.00043 0.00040 
--Cost measure 0.00329 0.00411 
' Table A3.6. MOEs and measures used to evaluate the MOE index 


Three of the index measures—Safety, Air quality, and Cost—are taken as the inverse of the 
cottesponding row MOE to indicate a desired effect, as explained in Chapter Five. Thus, the 
pteferted alternative will be the one with the higher index. 


Five combinations of weights for the measures involved are used to indicate different decision 
makers’ preferences when selecting among many alternatives. These weights @ are used along 
the measures in Table A3.6 above to estimate the relative indexes with the following formula 


Ie [[m,/ =m _ 
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as explained in Chapter Five. The weights and estimated indexes are shown in Table A3.7 
below. All indexes in this table are affected by a factor of 100. 
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Add-a-lane 


--Air Quality measure 


—-Speed measure 


Table A3.7. MOE indexes for different weights. 


The first set of weights indicates equal importance for each of the four measures considered, 
wheteas the other four groups of weights indicate that a higher concer is placed to safety, air 
quality, cost, and speed considerations respectively. 


For these two alternatives, the indexes are always higher for the Add-a-lane case, indicating a 
strong preference of one of the alternatives. This may not always be the case and, thus, care 
should be exercised when selecting the appropriate weights—as explained in Chapter Five. 


Sensitivity Analysis 


Sensitivity analysis is used to evaluate how much confidence can be placed in the basic analysis 
of a project. The entire analysis, whether MOE or EEA, follows from the first assumption 
made with respect to population and/or transportation demand growth. Therefore it is 
recommended that at least two different growth assumptions be examined. In addition, since 
the commuter rail project examined in this appendix involves a new transportation mode along 
the I-25 corridor it is recommended that two assumptions with respect to mode split be utilized. 


Added Highway Capacity 

The baseline assumptions with respect to population growth lead to a negative present value of 
NSB for adding highway capacity for the entire corridor. In order to assess how much 
confidence to place in this result, changes in the magnitude of the measures required to reverse 
the sign of NSB should be explored. A way in which to explore such an issue consists of 
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developing a second analysis assuming greater population growth. A second efficiency analysis 
may assume that, for each of the analysis years, population is 25% larger than assumed under the 
baseline conditions. Analyses under this assumption result in substantially more lifetime benefits 
for the project. Specifically, the present value of user benefits for the project assumoing the 
original baseline population ts about $340 million ($1998), while this value is about $918 million 
($1998) 1£ population grows more rapidly than anticipated in the baseline—25% higher increase 
in each analysis year. Given that the project costs are unchanged, assuming the 25% larger 
population yields a present value of NSB which is $68.5 million ($1998) and which would allow 
one to recommend the added capacity project for the entire corador. If the results of the 
second analysis assuming a significantly larger population growth had also produced a negative 
value for the present value of NSB, then one could be confident in the result that efficiency 
analysis would not recommend added highway capacity at this tme. On the other hand, since 
the larger expected population yields a positive value for NSB, one would be confident in the 
conclusion that EEA does not recommend adding highway capacity for the entire corridor, only 
to the extent that a 25% greater expected population increase is outside the realm of possibility. 
Note also the results of the efficiency analysis, or any analysis of transportation alternatives for 
that matter, depend heavily on the basic baseline assumptions for population and travel demands 
over the planning and analysis time horizon. Regardless of what other assumptions must be 
made in order to analyze and compare altermmatives, such compansons will always be based 
fundamentally on assumptions and/or projections made about the demand for travel in a region. 


Of course there are many assumptions that are made in order to develop this EEA of the added 
highway capacity project for the entite corridor. All of the assumptions would individually be 
difficult to analyze with sensitivity analysis. However, it is possible to gain some degree of 
confidence in the EEA for this project by calculating how much larger (smaller) a benefit (cost) 
would have to be in order for the present value of NSB to change signs. For example, returning 
to the original projection for trip demand, the present value of user benefits alone, over the life 
of the project, is $339.9 million. If the present value of user benefits were increased to $849.4 
million, then the present value of NSB for the project itself would be $0. Therefore, assuming 
the original projection for increased trip demand, if benefits in each analysis yeat were increased 
by about 2 ¥% times, then the result of the EEA would be changed to a recommendation in favor 
of the added capacity project for the entire corndor. One of the key economic assumptions in 
the user benefit calculation is the value of time. Since the value of tume utilized in the calculation 
is 50% of the wage rate, it would be necessary to more than double it to a value of greater than 
the wage rate. However, estimates of the value of time found in the literature range between 
25% and 75% of the wage tate. This suggests that changes in the value of travel time used in 
calculating user benefits ate unlikely to change the result of the EEA for this project. 


Consider the cost side of the present value of the NSB calculation. The value estimated for 
O&M annual costs, even if grossly inaccurate, cannot cause the results of the efficiency analysis 
of this project to be different. Since the present value of O&M costs is only $76.4 millions while 
the ptesent value of NSB is -$506 million, for this to happen, O&M costs would have to be 
negative (i.e. a benefit instead of a cost). In the other hand, the capital costs for the project 
would have to be about 2/3 smaller than the costs used in order for the added highway capacity 
project to pass the test of efficiency analysis, re. $262.8 million in present value rather than 
$772.3 million. In other words, if the capital costs per mile were more like $3 million per lane 
mile instead of the about $8 million per lane mile used in this analysis. 
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The conclusion with respect to the added lane in each direction along the entire length of the 
corridor is that, given the population growth assumptions, one can be confident in the result that 
this ptoyect should not be recommended based on efficiency analysis. On the other hand, if one 
believes that population is likely to be at least 25% larger in each of the analysis years, then the 
added lane project for the entire corridor would pass the test of efficiency analysis. 


The efficiency analysis discussed above has also suggested that adding a lane in each direction 
between Lincoln and Castle Rock could be recommended. How confident can we be in this 
conclusion? First, the estimate of annual O&M costs would have to be about 71% times larger 
for the sign of the present value of NSB to be negative rather than positive. This would be 
about 2.5 million ($1998) annually rather than the $1.5 million ($1998) estimated for the basic 
NSB calculation. This does not seem likely to be the case. Second, capital costs for the project 
would only have to be about 7% larger for the project not to be recommended based on 
efficiency analysis. This suggests that, in otder to develop greater confidence in the conclusion 
of the analysis, it might be worth the additional time and cost to develop estimates of the project 
capital cost that were mote associated with the specific characteristic of the project than is 
allowed by transportation sketch planning. Third, if the user benefits were about 7% Jess than 
the value estimated for the efficiency analysis discussed above, then the present value of NSB 
would be negative which would mean a recommendation against this project. Here again the 
issue can be expressed in terms of the value assumed for the value of travel time. Reducing the 
value from 50% of the wage by about 7% still leaves the value of time within the range found in 
the literature. Finally, since the present value of NSB for the project on this segment ts positive 
it is sugpested that the assumed population in each analysis year be decteased to 75% of the 
value assumed in the analysis years. Under this population assumptions, the present value of 
NSB for the project would be - $152.5 milion ($1998). In this case efficiency analysis would not 
recommend the project above desctibed. Of course, the efficiency analysis results presented 
above result from assumptions believed to be the best “ballpark” estimates. As a “sketch 
planning” exercise, this project 1s certainly worth continued consideration, and perhaps it might 
be worth the time and effort to develop more detailed and specific estimates of project benefits 
and costs that would be specific to the project. 


Commuter Rall Altemative 

The baseline assumptions with respect to population and a 10% mode split from auto tuips to 
rail trips leads to a present value of NSB for the commuter rail project which is negative. In 
otder to assess how much confidence to place in this result, it is possible to explore what 
changes would be required to change the present value of NSB to be positive. Therefore, a 
second assumption about population growth will be explored by assuming an expected growth 
25% higher than the original assumption. This significantly larger population growth by the year 
2030 increases the present value of NSB for the commuter rail project to $318.6 million. Under 
this population prowth the commuter rail project could be recommended based on efficiency 
analysis. The level of confidence in the conclusion that efficiency analysis recommends against 
the commuter rail project depends to a large extent on the confidence one places in the 
population growth assumptions. 


Since mode split is a key assumption in the analysis that cannot be estimated based on Colorado 
transportation experience, the assumption for mode split will be increased from 10% to 15% for 
sensitivity analysis while returning to the original expected population growth assumption. This 
larger mode split would substantially increase the lifetime benefits enjoyed because of the 
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commuter rail project. User benefits increase by $287.2 millton, air quality benefits increase by 
$193.3 million, and safety benefits increase by $51.6 million. Here again, it is found that the 
comsnuter rail project could be recommended based on efficiency analysis if the pian ree of 
people switching from ttips by auto along J-25 to commuter rail 1s considerably larger than 

oxginally considered. Confidence tn the original conclusion that would not recommend the 
commuter rail project based on efficiency analysis would rely on the extent to which it was 
believed that 15% of trips switching to rail was too high. Other assumptions may be analyzed, 
to determine the degree of confidence in the results, as desctibed above for the Add-a-lane 


alternative. 


The efficiency analysis discussed above has also suggested that creating a rail alternative to auto 
travel between Lincoln and Castle Rock could be recommended. How confident can we be in 


this conclusion? 


First, the estimate of annual O&M costs would have to be about 3 times larger for the sign of 
the present value of NSB to be negative rather than positive. This does not seem likely to be the 


case. 


Second, capital costs would have to be about 40% larger for the project not to be recommended 
based on efficiency analysis. This would be a substantially larger capital cost, but perhaps not 
outside the realm of possibility given that the capital costs assumed for the efficiency analysis 
aren’t calculated with many of the specific attributes of route between Lincoln and Castle Rock 
in mind. Therefore, this may be one atea that would justify additional time and effort to develop 
project specific details if the proposed project is to be carried beyond the sketch planning level. 


Third, if the user benefits were about 28% less than the value estimated for the efficiency 
analysis discussed above, then the present value of NSB would be negative which would mean a 
recommendation against this project. Here again the tssue can be expressed in terms of the 
value assumed for the value of travel time. Reducing the value from 50% of the wage by about 
28% still leaves the value of time within the range found in the literature (Le. at about 1/3 the 
wage rate). While a value of time equal to 50% of the wage rate seems a good estimate, 
confidence in the EEA analysis result would depend on the degree of confidence one has that 
the value of time is greater than about 35% of the wage rate. 


Fourth, both the air quality impacts and the safety impacts of the project would have to be 
reversed in sign. That is, the project would have to have substantial increases in both air 
pollution and fatality risk for this aspect of the EEA presented above to change the outcome of 
the efficiency test of the project. Thetefore, it seems reasonable to conclude that one should 
have confidence that the recommendation does not tely on these aspects of the analysis. 


Fifth, since the present value of NSB for the project on this segment 1s positive it is suggested 
that the assumed population in each analysis year be decreased to 75% of the value originally 
assumed fot each of the analysis years. In this case the present value of user benefits for the 
lifetime of the project would be reduced from $394.3 million to $233.8 million, and the present 
value of NSB for the project would be - $60.7 million. In this case efficiency analysis would not 
recommend the project that would add a lane to I-25 in each direction between Lincoln and 
Castle Rock. Here again, the projection for population and trip demand increases play a critical 
role with respect to the results of the evaluation of transportation investments. If one is 
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confident that the expected growth in tap demand will not be 25% lower than forecasted, then 
one can be fairly confident of the recommendation provided by efficiency analysis for this 
ptoject. On the other hand, if the lower expected growth seems within the realm of possibility, 
then perhaps a prudent course would be to develop more specific details of the project costs and 
benefits before proceeding. Another possibility would be to recognize that there could be value 
in waiting another planning petiod to make the decision, since waiting tuay allow for a better 
understanding of the growth experience of the community. 


Finally, since this is a project that creates a new transportation mode, it is recommended that the 
assumption with respect to mode split be examined. Specifically, it is suggested that the ERA 
for the project also be developed assuming only a 5% mode split. In this case the present value 
of user benefits are reduced from $394.3 million to $220.5 million and the present value of NSB 
would be - $94.9 million. The smaller proportion of travelers switching from auto travel to rail 
travel between Lincoln and Castle Rock would result in the EEA conclusion to recommend 
against this rail project. 


Of course, the results presented above are due to assumptions believed to be the best “ballpark” 
estimates. However, since the sensitivity analysis suggests that the proposed rail project would 
be recommended against if tap demand growth is slower than projected, or if a mode split of 
10% 1s considered to be high, or if the value of time is most hkely about 35% of the wage rate; 
then one might be a bit cautious in accepting the conclusion that efficiency analysis would 
recommend this project. In order to produce a more accurate estimation of economic efficiency 
for this project, more effort 1s required to develop better estimates of project benefits and costs 
that would be specific to the project. 


Sensitivity Analysis Summary 

The sensitivity analysis described here illustrates how one might test the confidence in the results 
of the EEA and the resulting recommendations in favor or against proposed corridor 
investment alternatives. The basic EEA suggests that neither a project to expand highway 
capacity, nor a project to create a rail alternative between Lincoln and North Academy can be 
recommended at this time. The sensitivity analysis primarily suggests that one can be quite 
confident in this conclusion in general, with one caveat. That, if tap demand in the 
communities served by this corridor can be expected to expetience a significantly larger growth 
than assumed by the basic analysis, then both projects would be recommended by efficiency 
analysis. The basic EEA analysis also suggests that smaller versions of these projects for only 
the Lincoln to Castle Rock segment would be recommended. The sensittvity analysis suggests 
that the recommendations to expand highway capacity or to create a rail alternative are sensitive 
to changes in the basic assumptions that generate the user benefits for the projects. One might 
therefore be cautious in accepting the conclusions that these ptojects are recommended by 
EEA. In terms of “sketch planning” each of these smaller projects would cextainly be worth 
continued consideration now or perhaps, in the not too distant future. 


Example MOE and EEA Fonns 

Filled-out MOE and EEA forms are shown next for the scenario that adds . lane to the entire 
corridor. Although this case consists of three segments, filled-out forms are only shown for 
segment 1. The present value of NSB for this case is negative as explained in the previous 
sections. 
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nner eee tee TT 
|_Corridor Description and Baseline - Segment #1 a. 


CORRIDOR 
IDENTIFICATION 


BASELINE YEAR 


NUMBER OF HOURS FOR 
ANALYSIS PERIOD 


ANALYSIS PERIOD LABEL 
6.6., 24-hr, 7-8 AM, 3:30-6:30 PM) 


NUMBER OF CORRIDOR 

SEGMENTS TO BE ANALYZED 

(One to three segments are recommended when using worksheets. When more than three 
segments are to be analyzed, a spreadshest program will faciitate the calculations) - 


BASELINE TRAVEL CONDITIONS FOR AVAILABLE MODES BY CORRIDOR SEGMENT 
(Trips for analysis period -—- from available counts, 


TOTAL TRIPS TOTAL TRIPS 
SEGMENT 1 SEGMENT 1 
Dir AB Dit B-A 


| SOV__(vahicle trips) | trips 


[ot patna | 

BUS passenger trips) b gl st 
| LAT (passengertrips, 
| CRT tpassangertrips} 


BIKE passenger trips} 


| PED (passengertipsp Eh) 
) @) 


Note: Shaded cells require user input 


FORM B-a1 SOV 


(1) TYPE OF LANES (2) 


(Indicate lane type: SOV, HOV, or HOT) 


LENGTH OF SEGMENT 


(Miles) 


NUMBER OF LANES (3) 


DIR A-B 


CAPACITY PER LANE (Veh / Hr) 
See Reference Table R-11 


From (3 From (5 From A (1 DIR A-B 
VEHLE CAPACITY (4° ‘Tape © 


PER DIRECTION N. of Lanes Cap. per Lana N. of Hours Capacity in Vehicles 
per analysis period 


From (4) From (5} From A (1) DIR B-A 
(2h *L as 000] (7) 
N. of Lanes Cap. per Lane N. of Hours Capacity in Vehicles 
| per analysis period 


(8) 


FREE-FLOW SPEED 
{Pastad speed + 5) 


(Mi7Hry = 


From (1 From (8 
ae i ee 
Travel Time Length of FF Speed FFTT (hrs) 
Segment 


Parameters for the Alpha =| 


Highway Travel Time Function 
(Va‘ues recommended for freeways are 0.84 for Alpha and 5.5 for Beta respectively. See Table A711) 


From A (a,3) From (6) 


versions = ({ 2800] J [__s000])= (2) 
A-B Volume Capacity V/C Ratio A-B 


From A (a,4) From (7} 


versionn = (| a00o] / [__e0cd]) = (9) 
B-A Volume Capacity V/C Ratio B-A 


From {9 From (10) From (12 From (11 Dir. A-B 
rrvelTine = ([__0.6)* (44 [oad] ( [ oa) A ))= [ona] 
FFTT (hrs) Alpha V/C Ratio A-B Beta Travel Time 


From (9) From (10) From (13) From (11) Dir. B-A 
rrvetting == ([__046]*(14 ( [asd [_s8)))=[_o7a9| 09 
FFTT (hrs) Alpha WC Ratio B-A Travel Time 


Vehicle Occupancy = (16) 


Pass. / Vehicle 


FORM B-a2 SOV 
MOEs for Segment # 1 under BASELINE Conditions for Pass. Cars (Part 2 


CORRIDOR IDENTIFICATION Lincoln AVenue-Academy Bivd conidor 
BASELINE YEAR 1990 


From B-ai(1 From B-ai{14 Dir. A-B 
ee = 113] / [_oted))= o 


Segm Length Travel Time (Miles / Hour) 


From B-ai(1 From B-ai(15 Dir. B-A 
ae =( ia) / [_o1ed)) = 


Segm Length Travel Time (Miles / Hour) 


From A (a,3} From B-at({14) 


[o16d) = 


A-B Volume Travel Time VHT Dir. A-B 


Fram A (a,4) From B-at(15 
VT Direction BA | _0.t6s}) = (4) 


B-A Volume Travel Time VHT Dir. B-A 


From A (a,3} From B-at(1) 


VINT Direction AB |__11.2])= [__2e7020} ¢s) 


A-B Volume Segm. Length VMT Dir. A-B 


From A (a,4) From B-at(1)} 


B-A Volume Segm. Length VMT Dir. B-A 


From (5) From B-at(16) 


PAT Dirsetion A-B ( 2o7e2] * | ti) = 35750.4 


VMT Dir. A-B Paas. / Vehicle PMT Dir. A-B 


From (6) From B-al (16) 


PMT Direction B-A 44688 [1] )= 53625.6 


VMT Dir. B-A Pass. / Vehicle PMT Dir. B-A 


From (5) From (6) 


Total VMT 20792 44688) ) = 74480} 


(Both Directions) VMT Dir. A-B VMT Dir. B-A Total VMT 


From (9) Table R16 


hon Ve [7aaad + [—a65)) = reare0000) 10 
(Both Directions) Total VMT Total Volume as Days per year Annual VMT 
a % of AADT 


FORM B-AQ 
Air Quality MOEs for Segment #1 under BASELINE Conditions per mode 


CORRIDOR IDENTIFICATION 


BASELINE YEAR 


Emisslons for SOV mode 


Emissions for HOV mode 


Emissions for HOT mode 


Emissions for Bus mode 


Emissions for LRT mode 


Emissions for CRT mode 


Emissions for Blke mode 


Emissions for Ped mode 


Lincotn Avenue-Academy Blvd corridor 


1990 


From B-a2(10) 


=(|___194180009] * / 907,200})= | __—_828.35](1) 


SOV Annual VMT 


From B-a2(10) 


= ( 


HOV Annual VMT 


From B-a2(10) 


( 


HOT Annual VMT 


From B-b(14) 


( 


Bus Annual VMT 


From B-c(14) 


( 


LRT Annual VMT 


From B-d(14) 


( 


CRT Annuat VMT 


From B-e{10) 


=( 


Bike Annual VMT 


From B-f(10) 


= ( 


Ped Annual PMT 


Emissions rate 
(grams / SOV VMT) 


Emissions rate 
(grams / HOV VMT) 


Emissions rate 
(grams / HOT VMT) 


Emissions rate 
(grams / Bus VMT) 


Emissions rate 
(grams / LRT VMT) 


Emissions rate 
(grams / CRT VMT) 


Emissions rate 
(grams / Bika VMT) 


grams/Ton 


grams/Ton 


grams/Ton 


grams/Ton 


grams/Ton 


grams/Ton 


grams/Ton 


Tons of pollutants 
per year 


Ej * [aa] [sora) = [ool 


Tons of pollutants 
per year 


Po) * [30 1 worzoo)) = [a0 


Tons of poltutants 
per year 


[*[ as /|_a0r00])= [_____—.colea 


Tons of pollutants 
per year 


[*f [__sraoi)= [onl 


Tons of pollutants 
per year 


[* [aaa] / [sorana)) = [v0 


Tons of pollutants 
per year 


| *{ TT [__scrz0q/y= | occdler 


Tons of pollutants 
per year 


"Lf FL_07,200)= [__ o.oo) 


Emissions rate 
(grams / Ped PMT) 


Emission rates per mode are given in Table R5 in grams per mile. These are: 
3.87 for SOV, HOV, and HOT mades. 


24.9 for Bus. 


0.0 for LAT, Bike, and Pedestrian modes. 
316.5 for CRT with one diesel locomotive. 


grams/Ton 


Tons of pollutants 
per year 


| FORMB-S | 


: _Safety MOEs for Segment #1 under BASELINE Conditions per mode 


CORRIDOR IDENTIFICATION 


BASELINE YEAR 1990 
From B-a2(10) 
Crashes for SOV mode =( 194180000] * 0 00000146]) = 283.5028] (1) 
SOV Annual VMT Crash rate for SOV Crashes per year 
(crashes per VMT) 
From B-a2(10 
cnatartrvovmete —=({ ts Dae 
HOV Annual VMT Grash rate for HOV Crasines per year 
(crashes per VMT) 
From B-a2(10) 
cranastortiormede = =(L*( id= [____da 
HOT Annual VMT Crash rate for HOT Crashes per year 
(crashes per VMT) 
| From B-b(14) 
| Crashes for Bus mode = ( e 0,0000248] ) = [ (4) 
| Bus Annual VMT Crash rate for Bus Crashes per year 
(orashes per VMT) 
From 8-c(14) 
cmaestorintmots = ([ od) *[_onononsad) = [ow 
LRAT Annual VMT Crash rate for LRT Crashes per year 
(crashes per VMT) 


From B-d 14) 
eeecime! - a. oe eee) 


| CRT Annual VMT Crash rate for CRT Crashes per year 
(crashes per VMT) 
From B-e(1 1) 
Crashes for Blke mode = ( | 7 EC __F)) = [os 
Bike Annual VMT Crash rate for Bike Crashes per year 
(crashes per VMT) 
Fram B-t(14 
cnsteeteretmate — a([ a *[ oe | 
| Pad Annual PMT Grash rate for Ped Crashes per year 
(crashes per PMT) 


| Crashes and fatality rates per million miles traveled par mode are given in Tables R1 and $1. Crash rates are as follows: 


0.00000124 and 0.00000271 for Rural and Uroan highways, ener 
0.0000248 incidents per Annual! VMT for Bus. 

0,00002824 incidents per Annual VMT for LRT. 

0.00000518 incidents par Annual VMT for CRT. 

No rates available for Bike and Pedestrian mades. Use 0.00, 


Fatalitios for SOV moda 


Fatalities for HOV mode 


Fatalltles for HOT mode 


Fatalities for Bus mode 


Fatalities for LRT mode 


Fatalities for CRT mode 


Fatalities for Bike mode 


Fetalities for Pad mode 


Fatality rates are as follows: 


Lincoln Avenue-Academy Blvd corridor 


194180000 


SOV Annual VMT 


= 1.13E-08/) = 2.194234 |(9) 


Fatality rata for SOV 
(fatalities per VMT) 


Fatalities per year 


From B-a2(10) 
“(dC =§ a 


HOV Annual VMT 


From B-a2(10) 


HOT Annual VMT 
From B-b(t 4) 


= ( 


Bus Annual VMT 


LAT Annual VMT 


From B-(14 


= ( 


CAT Annual VMT 


From B-e{11 
= ( 


Bike Annual VMT 


From B(11) 
= ( 


Ped Annual PMT 


Fatality rate for HOV 
(fatalities per VMT} 


Fatality rate for HOT 
(fatalities par VMT) 


Fatality rate for Bus 
(fatalities per VMT) 


Fatality rate for LAT 
(fatalities per VIMT) 


Fatality rate for CAT 
{fatalities par VMT) 


Fatality rate for Bike 
(fatalities per VMT) 


Fatality rate for Ped 
(fatalitles par PMT) 


0.0000000241 and 0,0000000116 for Rural and Urban highways, respactively, 
0.000000043 incldents per Annual VMT for Bus, 
0.000000235 Incidents par Annual VMT for LRT. 


0,000000312 incidents par Annual VMT miles for CRT. 


No rates available for Bike and Pedestrian modes. Usa 0.00. 


Fatalities per year 


[ety 


Fatalities per year 


*[_oooo0o004s)) = [___oleray 


Fatalities per year 


From B-c{14) 
= a) * Lonsonocazse)) = (da 


Fatalitias per year 


*|“ooooo00s12))= [cay 


Fatalities per year 


[otasy 


Fatalitlas per year 


[lite 


Fatalitias per year 


_ Segment #1 


CORRIDOR IDENTIFICATION 


BASELINE YEAR 


~ auf Femana_ foe Foann_ fino Fesaon Fon 
| _d___q _ oq of of 

From A(4a) |From Aca) |Fromais.c) [From A(4d) [From Aide) [From Alas) [From A(ag) [From A(4.) | 
ee Oo lees ol 


Total Trips § 


I 
Travel The Segmn 1 4-8 [048 001 090] 960] ood! 000] ool and 
i 
Travel Time | ots] oc] .00|__.00|_ 00] .00]_.00|__ 0.09 

a a 


___d 
Peceeiel canbszid eke tuna ibe teat ctdt me, cack 
Veh. Hours Travated Segm 1 B-A inion 7 eae eT ee ee) 
— 
Veh. Mites Traveled § | | ee 


ar ee 


From 8-a2(6) |From B-a2(6 ce From 8-b(11)|From 6-o(11 ease Perea | ____ 


Veh. Miles TraveledSegm1B-A | 4488 _ Yi Jie as 


Fam batt aren From B-b/4 ae baw ee eee 
From B-a2(2 4 ae ee ener aanee From B-d(4 ee 


Averap » Speed Segm 1 B-A mVhr » | ef} of id ee 


From 8-a3(12)|From B-at(12)|From B-at (12)[From B-b(7 ra ere avr ee 


0.33). 


Total Trips Segm 1 A-B 


Vah. Hours Traveled Segm 1 A-B 


Average Speed Segm 1 A-B (mi/hr’ 


2 ee rT) 0. [ 000) 0.00 
| as75o| (ioe meer (ener ver aera 


fan tane|femsate sen eats wna alten cs From 6-2(12)|From 8-4(12)[From B-2(7) [From B47) 


Pass. Miles Trav. 


pase. Miles Trav. gm 1 B-A 


eT ae ae ae ae aa 


| __-828.3) 


nt {tons ofp ethane 


ge ee 


Crashes Segm7? (Per Year) = aed | 


joer B-3(9' From B-8(10) [From B-S(11 B-S(11) | From B-S/(12)| From B-8(13)|From B-S/14 From B-S(i6 
Fetaltiea Segm 1 (Per Year fees amma iRaeeT Soa Game 


! FORM D 
| Expected Corridor Travel Conditions under the NO-BUILD Scenario (Segment #1 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Blvd corridor 


| ANALYSIS YEAR | 2026) BASELINE YEAR 

| 

| Siecereb x GhowniN sovvcaciE Taps (Between baseline and analysis years) /100 = (1) 
EXPECTED % GROWTH IN HOV VEHICLE TRIPS (Between baseline and analysis years) /100 ={[ 0] @) 
EXPECTED % GROWTH IN HOT VEHICLE TRIPS (Between baseline and analysis years) /100 =[ gj @) 

| EXPECTED % GROWTH IN BUS PASSENGER TRIPS (Betwoon baseline and analysis years) /100 =[ ol @& 
EXPECTED % GROWTH IN LRT PASSENGER TRIPS (Between baseline and analysis years) /100 «== [| od &) 
EXPECTED % GROWTH IN CRT PASSENGER TRIPS (Between baseline and analysis years) /100 = [of @) 
EXPECTED % GROWTH IN BICYCLE PASSENGER TRIPS (Between baseline and analysis years) ‘100 =| a @ 
EXPECTED % GROWTH IN PEDESTRIAN PASSENGER TRIPS (Betwaen baseline andanalysis years)[ ——s«|/100 = [oO] (8) 


FUTURE TRAVEL CONDITIONS FOR AVAILABLE MODES FOR SEGMENT #1 
(Trips for analysis perkod)- 


(Reference columns 3 and 4 from form A are for segment 1. For segments 2 and 3 these will be &, 6 and 7, & respectively) 


From A(a,3) From (1) A-B Dir From A(a,4) From (4 B-A Dir 
SOV = F peat + y= | 6756.4] (9) =[_39090/*(1+ | 1.54] )= [ 101346] (10) 
Trips A-B Dir. Exp. % Growth Future Volume Trips B-A Dir. Exp. % Growth — Future Volurne 
From A(b,3) From (2) A-B Dir From A(b 4) From (2 B-A Dir 
wove= for(te [y= y(t y= Ld ayy 
Trips A-B Dir. Exp.% Growth = Future Voiume Trips B-A Dir. Exp, % Growth Future Volume 
| From A(c,3) From (3 A-8 Dir From A(e,4) From (3 B-A Dlr 
| wor = Or(4+ eh i) (te | 2 
Trips A-B Dir, Exp. % Growth Future Volume Trips B-A Dir. Exp. % Growth Future Volume 
From A(d,3) From (4 A-B Dir From A(d,4) From (4 B-A Dir 
; BUS = [o(1+ y= (15) =___o*(1+ y=L__ 0} (18) 
| Trips A-B Dir. Exp. % Growth Future Bus Volume Trips B-A Dir. Exp. % Growth Future Bus Volume 
From A(e,3 From (5) A-B Dir From A(e,4). From (5 B-A Dir 
LAT = *(1+ y= Ld iy =____o*(1+ y= L___o] 18) 
Trips A-B Dir. Exp. % Growth Future LAT Volume Trips B-A Dir. Exp. % Growth Future LRT Volume 
| From A(f,3 From (6' A-B Dir From A(f,4 From (6 B-A Dir 
| ort = [ar (ts a, ee )= [a] @®) 
Trips A-B Dir. Exp. % Growth Future CRT Volume Trips B-A Dir. EBp.% Growth Future CRT Volume 
From A(g,3) From AB Dir From A(g,4) From B-A Dir 
ake = | O*(1+ yee en (t+ =O 
Trips A-B Di. Exp.% Growth Future Bike Volume Trips B-A Dir. Exp. % Growth Future Bike Volume 


From A(h,3) From (8 A-B Dir From A(n,4) Fron (8 B-A Dir 
pep = [O"(44 aac ae mee ce ye al ey 


Trips A-B Dir. Exp. % Growth Future Ped Volume Trips B-A Dir. Exp.% Growth Future Ped Volume 


FORM E-a1 SOV 
MOEs for Segment #1 under the NO-BUILD Conditions for Passenger Cars (Part 1) 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Blvd corridor 
ANALYSIS YEAR 2020 


From B-a1{1) 


LENGTH OF SEGMENT (1) TYPE OF LANES (2) 


(Miles) (Indicate lane typa: SOV, HOV, or HOT) 


From B-ai(2) From B-a1(3) 


NUMBER OF LANES @) 2) 
DIR A-B DIR B-A 


From B-a1(6} 
VEHICLE CAPACITY 8000] (5) 


PER DIRECTION DIR A-B 
Capacity in vehicles per analysis period 


From B-ai(7) 


6) 


DIR B-A 
Capacity in vehicles per analysis period 


FREE-FLOW SPEED (7) 
(Pasted speed + 5) (Mi / Hr} 


From (1 


ie ey [7a))= [orale 


Travel Time Length of FF Speed FFTT (hrs) 
Segment 


Parameters for the Alpha = (3) 


highway travel time function 
(Values recornmended for freeways are 0.84 for Alpha and 5.5 for Beta respectively. See Table R17} 


From D (9) 


wereio = ([ 07654] J [s000))= [oma] (1 


Analysis A-B Volume Capacity WC Ratio A-B 


From D (10) From (8) 


=( [10188] / [_ecogl) = [127 «12 


Analysis B-A Volume Capacity VIC Ratio B-A 
(References D(9) and D(10) are for SOV. For HOV and HOT these will be D(11), D(12), and D(13), D(14), respectively. 


From (8 From (9) From (11) From (10 Dir. A-B 
rrvelting = ([__arel*(14[—a@d)*( [osaassl)® | s3]))=[ozran7] (19 


FFTT (hrs) Alpha WC Ratio A-B Bota Travel Time 


From (8) From (9) Frorn (12) From (70} Dir. BA 


rivettine == ([__ael*(44[ 02a] ( [128689)) © [ 55]))= [ o.sess] (14 


FFTT (hrs) Alpha V/C Ratio B-A Beta Travel Time 


FORM E-a2 SOV 
MOEs for Seqment #1 under the NO-BUILD Conditions for Pass. Cars (Part 2 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Blvd corridor 
ANALYSIS YEAR 2020 


From E-at(1) From E-a1(13) Dir. A-B 
Speed =(L___ 11.2] / [_o.21306874)) = o 


Segm Length Travel Time (Miles / Hour) 


From E-a1(1) From E-a1({14) Dir. B-A 
Speed =(L____ 11.2] / [_o.esaseoae]) = 17.14) (2) 


Segm Length Travel Time (Miles / Hour) 


From D (9) From E-a1(13) 


VHT Direction A-B = ( 6756.4 * | 0.21306874|) = 1439.58] (3) 


Future A-B Volume Travet Time VHT Dir. A-B 


From D (10) From E-a1(14) 
VHT Direction B-A = ( 10134.6] * | 0.65356086|) = 6623.58] (4) 
Futura B-A Volume Travel Time VHT Dir. B-A 


(References D{9) and D(10) are for SOV. For HOV and HOT these will be D(11), D(12), and D(13), D(14), respectively.) 


From D (9) From E-ai(1)} 


VMT Direction A-B = ( 6756.4] * [_112)) = 75671.68| (5) 


Future A-B Volume Segm. Length VMT Dir. A-B 


From D (10) From E-a1(t) 
VMT Direction B-A = ( 10134.6| * )= 113507.52| (6) 
Future B-A Volume Segm. Length VMT Dir. B-A 


From (5 From B-a1(16) 


PMT Direction A-B =([__7se716e] *[ ss ta|)= [| g0806.016| (7) 


VMT Dir. A-B Pass, / Vehicle PMT Dir. A-B 


From (6) From B-at(16) 


rurDtectenB-A =| * (sal) = [iasz00.004 


VMT Dir. B-A Pass. / Vehicle PMT Dir. B-A 


From (5) From (6) 
Total VMT = ( 75671.68] + 113507.52|) = 189179.2| (9) 
(Both Directions) VMT Dir. A-B VMT Dir. B-A Total VMT 


From {9) 


Annual VMT =(| _189179.2| / * | __365/) = [499217200] (10) 
(Both Directions) Total VMT Total Volume as Days per year Annual VMT 


a % of AADT 


FORM E-AQ 
Air Quality MOEs for Segment #1 under NO-BUILD Conditions pe 


CORRIDOR IDENTIFICATION 


ANALYSIS YEAR 


Emissions for SOV mode 


Emissions for HOV mode 


Emlssions for HOT moda 


Emissions for Bus mode 


Emissions for LRT mode 


Emissions for CRT mode 


Emiasions for Bike mode 


Emissions for Ped mode 


Lincoln Avenue-Academy Blvd corridor 


From E-a2(10) 


= ([__sszi7a00] *[__se7]/[__907,200])= [__2104.00)«1 


SOV Annual VMT 


From E-a2(10) 


= ( 


ROV Annual VMT 


From E-a2(10 


( 


HOT Annual VMT 


From E-b(14) 


( 


Bus Annual VMT 


From E-c(14) 


( 


LAT Annual VMT 


From E-d(14) 


( 


CRT Annual VMT 


From E-6({10) 


= ( 


Bike Annual VMT 


From E-f(10) 


=( 


Ped Annual PMT 


Emissions rate 
{grams / SOV VMT) 


Emissions rate 
(grams / HOV VMT)} 


Tons of pollutants 
per year 


[of *[_ ape] /[__a0r,200])=[__o.0o)eay 


Fons of pollutants 
per year 


+ [sai] 1 [aarzta) = [aa 


Emissions rate 
{grams / HOT VMT) 


Emissions rate 
(grams / Bus VMT) 


Emissions rate 
{grams / LRT VMT) 


Tons of pollutants 
per year 


[* [aaa [soraa)) = [aa 


Tons of pollutants 
per year 


[tf *{ TT  /[_x07,200])= [__o.20)08) 


Tons of pollutants 
per year 


+ (as) 1 (sara) = [onl 


Emlssions rate 
(grams / CRT VMT) 


Tons of pollutants 
per year 


‘(7 (ara) = en 


Emisslons rate 
(grams / Bike VMT) 


Tons of pollutants 
per year 


[9 [aera = [ae 


Emissions rate 
{grams / Ped PMT) 


Emission rates per mode are given in Table R5 in grams per mile. These are: 
3.87 for SOV, HOV, and HOT modes. 


24.9 for Bus. 


0.0 for LRT, Bike, and Pedestrian modes. 
316.5 for CRT with one diese} locomotive. 


Tons of pollutants 
per year 


FORM E-S" 
Safety MOEs for Segment #1 under NO-BUILD Conditions per mode = 


sas 


CORRIDOR IDENTIRCATION Lincoin Avenue-Academy Bivd corridor 
ANALYSIS YEAR 


From E-a2(10) 


From E-82(10) 
Crashes forsovmode © = (| 493217200] “| __0.00000146|) = | _720.097112|(1) FataltlesforsoVmode = ([ 499217200) *| 1 13E-08|)= | _5.57495436|(9) 


SOV Annual VMT Crash rate for SOV Crashes per year SOV Annual VMT Fatality rate for SOV Fatalities par year 
(orashes per VM) (falalitias pac VMT) 
Fiom E-a2(10) From E-a2(10) 
crabes trove = = (| *[ a= [da —ratattorvovmee = (| a*| d= [| _ dam 
HOV Annual VMT Craah rate for HOV Crashes per year HOV Annual VMT Fatallty rate for HOV Fatalitles per year 


(crashes per VMT) (fatalities per VMT) 
From E-a2(16 10) 


cnateetrvormete — =(( ta ae) eterno at 7) an | 
HOT Annual VMT Crash rate for HOT Crashes per year HOT Annual VMT Fatality rate for HOT 


Fatalities par year 
(orashes per VMT} (fatalltios per VMT) 


From €-b(14) 


From E-b(14) 
(a +o coonaaaly = [a9 =( 9] * [_ocaraona | 


Bue Annual VMT Crash rate for Bus Crashes per year Bus Annual VMT Fatality rate for Bus 


Fatalitlas per year 


{orashes par VMT) (fatafitias per VMT) 


From E-0(14 From E-¢(14) 
thine. A aC ameae ae, iAaeiiee Sle eros as 


LRT Annual VMT Crash rata for LAT Crashes par year LAT Annual VMT Fatality rate tor LAT Fatalitias per year 
(corashas per VMT) (fatalities per VMT) 


From E-d(i4 
Seecies Yi. a eee oe. eee ” 


CRT Annual VMT Crash rate for CRT Crashea per year CAT Annual VMT Fatality rata for CRT 


Fatalities per year 
(crashes per VMT) (fatalittes per VMT) 


From E-0(10) 


From E-a(10) 
cnuteetwttanetn = ({—*[ d= [a] raat tratomen (ad * 0s) 


Bike Annual VMT Crash rate for Bike Crashes per year Bika Annual VMT Fatality rate for Bika 


Falalltias per year 
{crashes per VMT) (fatalities per VAT) 


From E-{10} 


From E-4{ 10) 
cnatmetwrreineds = ({ t= [a reannntrtatente = (a as) 


Ped Annual PMT Crash rate for Ped Crashes per year Ped Annual PMT Crash rate for Ped 


Fatalitles per year 
(orashes per PMT} (crashes per PMT) 


Crashes and fatality rates per million miles traveled par mode are given in Tables R1 and S1. Crash rates ara as follows: Fatality rates are as follows: 

0.00000124 and 0.00000271 for Rural and Urban highways, respectively. 0.0000000261 and 0.0000000116 for Aural and Urban highways, respectively. 
0.0000248 incidents per Annual VMT for Bus. 0,000000043 Incidents per Annual VMT for Bus. 

0.00002924 Incidents per Annual VMT tor LRT. 0.000000235 incidents per Annual VMT for LRT. 

0.000009 18 incidents per Annual VMT for CRT. 0000000312 incidents par Annual VMT milee for CAT. 

No rates available for Bike and Padestrian modas. Use 0.00. No rates available for Blka and Pedestrian modes. Use 0.00. 


| FORMF 
Summary Table of MOEs for NO-BUILD Travel Conditions Segment #1 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Blvd corridor 
ANALYSIS YEAR [2020 


SRC” SAS EBA [ST (ERD 


Total Trips Segm 1 A-B 6756 eee Geer 
From0 (o) ftom > (12) en 14h [From D6) ffm Dita) JFrom 0 | (remo fe) fren 2a 
Total Trips Segm 1 B-A eee ee ae aa aa: 
on 
Travel Time Sagm 1 A-B (hrs | Ot oo] .00|_—.00|,—— 00? .00]_—S.00]_~—Ssi0.00 


[From E-a1(14) [From E-a1(14) |From E-a1(14) [From E-b(6) [From E-c(8)_ [From £-d{e) |From €-2(3) |From E-1(2) _| 
Travel Time Sagm 1 B-A (hrs 0001380) aca 909,900] 0 


i. Se oe re oe ge eel rom E-0(10 


Veh. Hours Traveled Segm 1 A'S i ee Eo 
a a 


Veh. Hours Traveled Segm 1 B-A_ _¥| 


-_ monEee| Sear nee mea fm 


Voh. Milas Travalad Segm 1 A-B —1s872 a 
a 
Pe yissoa. OL OL a ee 


From E-22(1) [From E-22(1) [From E-2a(1) [From E-b(4) [From E-0(4) [From E-d(4) [From E-0(2) [From E-(2) _ | 
-___o{_________g____o____o___s 


Veh. Miles Traveled Seqm 1 B-A 


Average Speed Segm 1 A-B (mi/hr $8 —— 
besecrg ver saat [otk 2a) telik be babe fio od inom telat [or bea 
Avarage Speed Sagm 1 B-A (mi/hr' ye +) ee) = —s 


| svmrage Capacty vuteaton seams a nest From E-a1(11) [From E-a1(11) [From E-a1(11 SoS Fame aE | 
Average Capacity Utilization Segm 1 A-B Hr a V7 WC ar a REST Sa 
From az 12) | From E-a1(12) | From E-ai (12) | From E-b(8' From E-d(B i 


Average Capactty UtiizetionSogmipa | 427 0.001 0.00 _—a.0o|_—=.oo|_——So.oo] Sd; CC*d 
i a a a 
| Pass. Miles Trav. Segm 1 A-B gosos] = ot tS tS lS 


Fear Becerra [Bom Etat fe be Pr a aeons Bt as Sates Pear EAM) 


ee Miles: Trav. Segm 1B-A 


Perea eMes lean eae een eeee emcee reneagl neat = E-S( 
ae ee eer ae 


Crashes Seqm 1 (Par Yaar’ cir aaa : 
feminine From E-S(14) [From E-S(15 
Fatalities Segm 1 (Per Year : TT Ye 


FORM G-1 


Expected Corridor Travel Conditions under an Alternative Scenario for Se: 


ment #1 (Part 1) 


CORFIDOR IDENTIFICATION Lincoln Avenue-Academy Blvd cormidor 


ANALYSIS YEAR 


NEW MODE OR ALTERNATIVE CONSIDERED 


Convert vehicle trips to passenger trips Direction A-B 
From D(9 From B-at(18 


(Vehicle trips) SOV veh. occupancy (Passenger bips) A-B 


From D(11 From B-ai (18 


(Vehicle trips) HOV veh. occupancy (Passenger trips) A-B 


From D(13) From B-a1 (18) 


(Vehicle trips) HOT veh. occupancy (Passenger trips) A-B 


Calculate the total number of passenger trips for the No-Bulld scenario. 


Direction A-B 

From (1) 
SOV trips (NO-Build scenario) = ” . 
(Passenger tips} + 

From (3) 
HOV trips (NO-Build scenario) = al (9) = 
(Passenger trips) + 

From (5) 
HOT trips (NO-Build scenaric) = =a (11) = 
(Pasaenzer tips) + 

From D(15) 
Bus tripa (NO-Bulld scenario) = | (13) = 
(Passerser tips) + 

From D(t7) 
LAT trips (NO-Bulld scenario) s[L_oj (15) = 
(Passenger trips) + 

From D({18) 
CRT trips (NO-Bulld acenario) = oa (17) = 
(Passenzer trips) + 

From D(2i 
Blk trips (NO-Bulld ecenario) Si ear (19) ; 
{Passenger trips) + 

From D(23) 
Pedestrian trips (NO-Bulld scenario) =~ den = 
(Passencer trips) 


Total number of trips 8107.65] (23) 
otal pass. trips A-B 


Percentage (In decimal) of tote) pass. trips expected 
to switch to the new or Improved mode alternative. = [_—— 3] (25) 


Number of trips using the From (23) From 
new alternative by direction = [__ 8107.68] * [oj 27) 


{Total pass. trips) % of A-B trips Pass. tips for alt. A-B 


Increase/decrease In SOV pass. trips =L__5j] (29) 
Change in pass. trips A-B 


L 


Increase/decrease in HOV pass. trips 2st sds @1) 
Change in pass. trips A-B 


increase/decrease in HOT pass. trips =] 3) 
Change In pass. trips A-B 


Convert passenger trips for the highway modes to vehicle trips Direction A-B 
From (29) From B-a1(14) 
/ 


ineJ/dec. in SOV veh. trips =CL 9g =o} @5) 


From (31) From B-ai(16 
Inc/dec. in HOV veh. trips =CL_go/ = 


From (33) From B-a1(16) 
IncJdec. In HOT veh. trips =[L O/C 25] = 


(Enter one of: Additional capacity (SOV, HOV, or HOT) Lanes, Transit system (Bus, LRT, or CAT), Bike path, or Pedestrian walkway) 


SOV trips (NO-Bulld scenario) = . = [stores] (1) 


HOV trips (NO-Bulld scenarlo) = = =[ oJ @) 


HOT tripa(NO-Bulld scenario) =[ Oj =L_@ds& 


Enter change in the number of passenger trips for the highway modes due to the alternative considered. 


Change in pass. trips HOT veh. cceupancy Change In HOT veh. trips A-B 


Direction B-A 
From (2) 


« 
+ 

From {4 

Ca «10 


+ 
From (6) 
Cal 012) 
+ 
From D(16) 
Co (14) 
+ 
From D(18) 
(18) 
+ 
From D{20) 
[0 (18) 
+ 
From D(22) 
Lj 20) 
+ 
From D(24) 
(22) 
[1216159] (24) 
Total pass. trips B-A 


[ | (26) 


(30) 
(32) 


(34) 


Change In pass. rips SOV veh. oocupanmsy Change in SOV veh. trips A-B 


Ghange in pass. trips HOV vah. accupancy Change in HOV veh. trips A-B 


Change in pass. trips B-A 


Change In pass. trips B-A 


Change In pass. trips B-A 


Direction B-A 
From D(t0) From B-a1(16) 
*L___i2] = (2) 
(Vehicle trips) SOV veh. occup. (Passenger trips) A-B 


From D(12) From B-a1(6) 
*L__2s}=[___q@ 
HOV veh. occup. (Passenger trips) A-B 


(Vehicle trips) 


From 0(14) From B-a1(16) 
*L__25}=L___qd ® 
HOT veh. encup. (Passenger trips) A-B 


(Vehicle tips) 


From (24 From (26) 
=] ew 
Pass. trips for alt. B-A 


(Total pass. vips)  %of B-A trips 


Direction B-A 


=O] (86) 


Change in pass. tips SOV veh, occup. Change in SOV veh. trips | 


From (32) From B-a1(16) 
U =(___ 0) Ga) 


Change in pass. trips HOV veh. occup. Change in HOV veh. trips 
From (34) From B-a1(16 
/ = (40) 


Change In HOT veh. trips | 


From (30) From B-a1(16) 
/ 


Change In pass. trips HOT veh. occup. 


FORM G-2 
Expected Corridor Travel Conditions under an Alternative Scenario for Seg Part 2 


CORRIDOR IDENTIFICATION 


ANALYSIS VEAR 


NEW MODE OR ALTERNATIVE CONSIDERED 


Lincoln Avenue-Academy Blvd corridor 


| 
! 


(Eraer one of: Additional capacity (SOV, HOV, or HOT Lanes), Transit system (Bus, LRT, or CRT), Bike path, or Pedestrlan walkway) 


Increase or Reduction 
In Trips ~ A-B Direction 


Percent of generated highway trafficdueto Alternative [ __—O/ 


From G-1 (29) 


(1) 


From G-t (31) 


(3) 


Expected increase/decrease In the number of SOV passanger trips due to the alternative considere 


Expected increase/decrease in the number of HOV passenger trips due to tha alternative considere 


From G-1 (33) 


Expected increase/decrease in the number of HOT passenger trips due to the atternative consider (5) 
Expected Increase/decrease In the number of Bus passenger trips due to the alternative considered (7) 
Expected Incraase/dacraase In the number of LAT passenger trips due to the alternative considered[ 0 (9) 
Expected Increase/decreace in the number of CRT passenger trips due to the alternative considered = {#1) 
Expected Increasa/decrease In the number of Bike passenger trips due to the altemative considered| _____.|(13) 
Expected increase/decrease in the number of Pedestrian passenger trips due to the alt. considered (15) 


FUTURE TRAVEL CONDITIONS FOR EXISTING MODES FOR SEGMENT #1 


(Trips for analysis period under the alternative scenario conditions) 


From D (8) From G-t (35) A-B Direction From D (10) 
SOV =( 6756] + y= [6756] (17) =([_10135] + 
Trips A-B Dir. Change Inveh, trips Analysis SOV Valume Trips B-A Dir. 
From D (11) From G-t (37) A-8 Direction Frem D (12) 
Hov =(([____ oo] + y= L___ oj (19) =([___ oo + 
Trips A-B Dir. Change Inveh. trips Analysis HOV Volume Trips B-A Dir. 
From D (13) From G-1 (39) A-B Direction From D (14) 
HoT =([__ oo] + = (21) =( + 
Trips A-B Dir. Change Inveh. trips Analysis HOT Volume Trips B-A Dir. 
From D (18) From (7) A-B Direction From D (16) 
pus =((__ of + [p= (23) =(L__o] + 
Trips A-B Dir. Change In pass. trips Bus Analysis Volume Tripe B-A Dir. 
From D (17) From (9) A-B Direction From D (18) 
pT =((__ oo] + Lo p= |_ oes =(L___o] + 
Trips A-B Dir. Change In pass. trips LRT Analyele Volume Tripe B-A Dir. 
From D (19) From (11) A-B Direction From D (20) 
CRT =( +[ od y= L___ df a7) =(L___ oo] + 
Trips A-B Dir. Change In pass. trips CRT Analysis Volume Trips B-A Dir. 
From D (21) From (13) A-5 Direction From D (22) 
BIKE =({___o]_ + )= (28) =(L__o] + 
Trips A-B Dir. Change In pass. trips Bike Analysis Volume Trips B-A Dir. 
From D (23) From (15) A-B Direction From D (24) 
PeD =([_ so] + )= (31) = ( + 
Trips A-B Dir. Change in pass. trips Ped Analysis Volume Trips B-A Dir. 


[9] )=[— oo} aa) 


Increase or Reduction 
In Trips -- B-A Direction 


From G-1 (30) 


(2) 


From G-1 (32) 


(4) 


From G-1 (34) 


B-A Direction 


)=_10134.6] (18) 


Change Inveh. trips Analysis SOV Volume 


From G-1 (36) 


B-A Direction f 
)= (20) 
Change In veh. trips Analysis HOV Volume 


From @-1 (38) 


B-A Direction © 


)= aaa 


Change In veh. trips Analysis HOT Volume Jj 


From G-1 (40) 


From (8) B-A Direction 


Ld )=[ ea | 


Change In pass, trips Bus Analysis Volume 


From (10) B-A Direction 


[d= a | 


Change In pass. tripe LRT Analysis Volume 


Fram (t2) B-A Direction 


Changs In pass. tripe GRT Analysis Volume | 


From (14) B-A Direction 

)= (80) | 
Change in pass. trips Bike Analysis Volume | 
From (16) B-A Direction 

)= (32) | 


Change In pase. trips Ped Analysis Volume 


| FORMH-a1SOV =, % oS = = : 
|__MOEs for Segment #1 under the Alternative Scenario for Pass. Cars (Part 1) _ | 


COPRIDOR IDENTIFICATION Lincoln Avenus-Academy Bivd corridor 


ANALYSIS YEAR 


From B-a1(1) _ 
| LENGTH OF SEGMENT Al (1) TYPE OF LANES (2) 
(Miles) (Indicate lane type: SOV, HOV, or HOT) 
NUMBER OF LANES (3) (4) 
DIR A-B DIR B-A 
CAPACITY PER LANE (Veh / Hr) (5) 
See Reference Table A-tt 
From (3) From From A (1 DIR A-B 
rise aca (d+) a) @ 
PER DIRECTION N. of Lanes Cap. per Lane N. of Hours Capacity in Vehicles 
per analysis period 
From (4 From (5) From A (1) DIR B-A 
(4 : )= a 
N. af Lanes Cap. per Lane N. of Hours Capacity in Vehicles 
per analysis period 
FREE-FLOW SPEED __ 70} (8) 
| (Posted speed + 5) (Mi/ Hr) 
| 
From (1 From ake 
Free-Flow = ( 70 | 70))= [__o.16|(9) | 
Travel Time Length of FF Speed FFTT (hrs) 
Segment 
Parameters for the Alpha = |. Beta = [. 6.8ita1) | 
Highway Travel Time Function 
(Valuag recommended for muttifane freeways are 0.84 for Alpha and 6.5 for Beta respaectivaly. See Table R11) 


From G-2 (17) From (8 
| WIC Ratio A-B = ( / [1200 = ose] (12) 


A-B Volume Capacity WIG Ratio A-B 
\ 
From G-2 (18) From j 

VIC Ratio B-A =(| 101346) / 12000|) = (13) 7 
B-A Volume Capacity VIG Ratio B-A 


(References G(17) and G(18) are for SOV. For HOV and HOT these will be G(19), G(20) and G(21), G(22), respectively) 


From (9 From (10 From (12 From Dir. A-B 
| raweirme = a([oneel*(14[ond*( | ond) (asl) [ones] 14 
| FFTT (hrs) Alpha VIC Ratio A-B Beta Travel Time 

From (8) From (10) From (13) From (11) Dir. B-A 


a 


FFTT (hrs) Alpha VIC Ratio B-A Travel Time 


FORM H-a2 SOV 
MOEs for Segment #1 under the Alternative Scenario for Pass. Cars (Part 2 


CORRIDOR IDENTIFICATION LincoIn Avenue-Academy Blvd corridor 


ANALYSIS YEAR 


From H-at(1 From H-a1(14 Dir. A-B 
(| t.2} 7 |__0.166]) = (1) 


Segm Length Travel Time (Miles / Hour) 


From H-ai(1 From H-a1(15 Dir. B-A 
Speed (Ltt) / 0.213}) = (2) 


Segm Length Travel Time (Miles / Hour) 
(References G(17) and G(18) are for SOV. For HOV and HOT these will be G(19), G(20) and G(21), G(22), respectively) 


From G-2 (17) From H-a1(44) 


WTDcon AS + | oe) = © 


Analysis Volume A-B Travel Time VHT Dir. A-B 


From Q-2 (18) From H-a1(15) 


VHT Direction B-A * [_oas]) = 0) 


Analysis Volume B-A _— Travel Time VHT Dir. BA 


4 


From G-2 (17) From H-a1(1) 


VMT Direction A-B 6756.4] * |  11.2|)= 75671.7} (5) 


Analysis Volume A-B Segm. Langth VMT Dir. A-B 


From G-2 (18 From H-a1(1) 
VMT Direction B-A ( 10134.6| * )= 113507.5 


Analysis Volume B-A Segm, Length VMT Dir. B-A 


From (5) From B-at(16) 


PMT Direction A-B 75671.7| )= 


VMT Dir. A-B Pass. / Vahicle PMT Dir. A-B 


From (8) From B-a1(16) 
PMT Direction B-A (| 113507.5 )= 136209.0 


VMT Dir. BPA Pass. / Vehicle PMT Dir. BA 


From (5) From (6) 


roa Feso7ad) = 


(Both Directions) VMT Dir. A-B VMT Dir. B-A Total VMT 


From (9) 


pus vt + (a) = 00 


(Both Directions} Total VMT Total Volume as Days per year Annual VMT 
a % of AADT 


FORM H-AQ 


L Air Quality MOEs for Segment #1 under the 


CORRIDOA IDENTIFICATION 


ANALYSIS YEAR 


Emissions for SOV mode 


Emissions for HOV mode 


Emissions far HOT mode 


Emlgsions for Bus mode 


Emissions for LRT mode 


Emlsslons for CRT mode 


Emissions for Bike mode 


Emissions for Ped mode 


Alternative per mode 


Lincoln Avenue-Academy Bivd corridor 


2020 


From H-a2(10) 


= ([__498217200] * 1 [____ 907,200) = 2104.00|(1) 


SOV Annual VMT 
From H-a2(10) 


HOV Annual VMT 


Fram H-a2{10) 


( 


HOT Annual VMT 


From H-b(14) 


( 


Bus Annual VMT 


From H-c(14) 


LRT Annual VMT 


From H-d(14) 


Emissions rate 
(grams / SOV VMT) 


grams/Ton 


Tons of pollutants 
per year 


| as7|/[___a07200])= [_—__ 0.00) cay 


Emissions rate 
(grams / HOV VMT) 


grams/Ton 


Tons of pollutants 
per year 


+ [as [ray = (ad 


Emissions rate 
(grams / HOT VMT) 


grams/Ton 


Tons of pollutants 
per year 


[ag] 1 [arly = [ae 


Emissions rate 
(grams / Bus VMT) 


grams/Ton 


Tons of pollutants 
per year 


“Lf /[___s07,200])= | v.00) es) 


Emissions rate 
(grams / LRT VMT} 


grams/Ton 


Tons of pollutants 
per year 


=(__)*[__s10a / [__sarzea)) = [os] 


CRT Annual VMT 


From H-e(10) 


= ( 


Bike Annual VMT 


From H-f(10)} 


=( 


CRT Annual PMT 


Emissions rate 
(grams / CRT VM7T) 


Emissions rate 
(grams / Bike VMT) 


Emissions rate 
(grams / Ped PMT) 


Emission rates per mode are given in Table R5 in grams per mile. These are: 
3.87 for SOV, HOV, and HOT modes. 


24.9 for Bus, 


0.0 for LRT, Bike, and Padestrian modes. 


316.5 tor CRT with one diesel locomotive. 


grams/Ton 


Tons of pollutants 
per year 


‘(9 1 [ry = [ale 


grams/Tan 


Tons of pollutants 
per year 


[gs [ar = [rae 


grams/Ton 


Tons of pollutants 
per year 


FORM H-S 
Safety MOEs for Segment #1 under the 


Alternative d 


CORRIDOR IDENTIFICATION Lincoln Avenue-Acadamy Sivd corridor 


ANALYSIS YEAR 2020 
From H-a2(10} 
Crashes for SOV mode = ( 493217200] * 0 .00000148]) = 720.1|(1) 
SOV Annual VMT Crash rate for SOV Crashes per year 
(crashes par VMT) 
From H-a2(10) 
crates torHov mse = ( ‘a= (ode 
HOV Annual VMT Crash rate for ROV Crashes per year 
(crashes per VMT) 
From H-a2(10) 
crmester or made = ( ‘a= ade 
HOT Annuai VMT Crash rate for HOT Crashes par year 
(orashas per VMT) 
From H-b(14 
Saianeen Sl + epooozea]) = [ota 


Bus Annual VMT Crash rate for Bus 


(crashes per VMT) 


Crashes per year 


From H-c(14) 


Crashes for LAT moda = (od - 0.00002924]) = [ os) 


LAT Annual VMT Crash rate for LAT Crashes per year 
(crashes per VMT) 
From H-d(14 
CrashesforCRTmode = = ( *| _0.00000918]) = [ode 
CRT Annual VMT Crash rate for CRT Crashes per year 
(crashes per VMT) 
From H-e(10 
Crashes for Bike mode = . ——<,}) = Se {7) 
Bike Annual VMT Grash rate for Bika Crashes pet year 
(crashes per VMT) 
From H-f10 
cmnmtortmee  =( t= ad 
Ped Annual PMT Crash rata for Ped Crashes per year 
(crashes per PMT) 


| 0.00000124 and 0.00000271 for Rural and Urban highways, respectively. 
0.0000248 incidents per Annual VMT for Bus. 

| 0,00002824 incidents per Annual VMT for LAT. 
0.00000918 incidents per Annual VMT for CRT. 
No rates avaitable for Bika and Pedestrian modes. Use 0.00. 


Crashes and fatality rates per million miles traveled per mode are given in Tables Ri and $1. Crash rates are as follows: 


Fatalities for SOV moda 


Fatalities for HOV mode 


Fatalties for HOT mace 


Fatalities for Bus moda 


Fatalitles for LAT mode 


Fatalities for CRT mode 


Fatalities for Bika moda 


Fatalities for Ped mode 


Fatality rates are as follows: 


From H-a2(10) 


= ([_ssaev7200] * s9e0q) = [sa 


SOV Annual VMT 
From H-a2(10 


HOV Annual VMT 


From H-a2(10) 


HOT Annual VMT 


Fatality rate for SOV 
(fatalities per VMT) 


‘th 


Fatality rate for HOV 
(fatalitias per VMT) 


*Ld)= 


Fatality rate for HOT 
(fatalltias per VMT) 


Fatalities per year 


| 
| __o.00)(10) 


Fatalities per year 


[_o.oa)esy 


Fatalities per year 


From H-b(14) 
=(, a) * ononneaoaa]) = [acorn 


Bus Annual VMT 


Fatality rata for Bus 
(fatalities per VMT) 


Fetafites per year 


From H-e(14 
= ([_ a] *|—ooooooaae]) = {or 


LAT Annual VMT 


Fatality rate for LAT 
(fatalities per VMT) 


Fatalities per year ' 
| 


From R-d(14) 
= (9 * (oeeoooasr2) = [crag 


CRT Annual VMT 


From H-e(t0) 
= ( 


Bika Annual VMT 


Fatality rata for CAT 
(fatalities per VMT) 


| ol) = 


Fatallty rate for Bika 
(fatwitles per VMT) 


Fatalities per year 1 


[ o00|¢15) 


Fatalities per year 


From H-f(10 
eR |) ener |] eT 


Ped Annual PMT 


Crash rate for Ped 
(crashes per PMT) 


0.0000000261 and 0.0000000116 for Rural and Urban highways, respectively. 
0.000000043 Incidents per Annual VMT for Bus. 
0,000000235 incidents per Annual VMT for LAT. 


0.000000312 Incidents per Annua! VMT miles for CRT. 


No rates available for Bike and Pedasirian modes. Use 0.00. 


Fatalities per year 


| FORM 
Summary of Travel Conditions under The 


_ Alternative Scenario Segment #1 


ez Avenue-Academy Blvd corridor 


CORRIDOR IDENTIFICATION 


1, ANALYSES YEAR 


an err peau. From @ (19) _|From @ (21) _|From @ (2 


eee 19) _|FromG (20) [From G (22) [From (24) [From G (26) _|FromG (2a) [From G (90) _|From @ (a2 
Total Trips Segm 1 BA 8 tt tt 


ee 14) [From H-25(54) [From H-b(@) [From H-2(6)_|FromH-a[6) [From Hos) [From Ha) 
Travel Time Sogm 1 AB (bra | a7] aa ae ee gee cl a 


From H.a1(18) [From H-a1(15)|Fram H-a1(15)|From H-n(6) _|FromH-o(6)_ [From H-a(6) [From He) _|From Hla) _| 
Travel Time Searn 118-4 (hrs oe gst, a_i 


pesca [Sa From H-22(9) [From H-bt10) [From H-<(10) [From Hai10) [From H-014) [From Ha) _| 
Veh. Hours Traveled Segm 1 AB a a ee a a 
setae uth rate doantera ua nee teste bao acts | 


Veh. Hours Traveled Segm 2159 


(a Se ee ee 
Veh. Miles Travoled Segim 1 A-B 75872 a a a er er er 


From H-22(6 ST oe 
Veh. Miles Traveled Segm 1 B-A = 


Total Trips Segm 1 A-B 


es Ill a a _ ol 
From H-a2 1) |From H-a2(1) [From Heb 4 From H-d(4 From H-f(2 


Average Spsaed Segm 1 A-B (mVhi 67.6 


7 
From H-22(2) [From H-22(2) [From H-22(2) [From H-bla) [From H-c(4) [From H-dts) [From H-0(2) [From H-12) _ 
a egm 1 BA (invhr) a= ee ee Sameer: 
Palanan. fea eae y ——T 
Average Capactty Utilization Segm 1 A-B ina 7 cam 7 ue” Vm (Rg 


From H-a1(13) | From H-a1 (13) | From H-ai(13) {From H-b(8 From H-d(8 a a 
Average Capacity Utilization Sogm1 BA | 0.84 0.00,_—S.00]_——S—io|——s oo] ~S—scom— #$s—C(i|CS 


| From H-22(7) [From ¥-22(7) [From H-a2(7) [From H-b(12) |EromH-<(12) [From H-d(12) [From baie) [From H-Ke) _| 
Pass. Milea Trav. Segm 1 AB (GS aes a RT 


| 90806 


; From H-a?(a From 4-028) | Fram H-22/8 Fram H-b{12) |From H-o(12}_| From H-d(i2 From H-6(7) _ | From H-1(7) 
| Pass, Milos Trav. Se Se aa a cae 


a 36209 | 


Prat meer 1) [From H-AQ(2) | From H-AQ(3) | From H-AQ(4 From H-AQ(5) | From H-AQ(S) Hath H-AQ(7) [From H-AQ(8' 


Lk miasions Se gmt {tons of poflutant/yr) _ pollutant 


From H-S/t From H-S/(2) _|From H-S/3)__| From H-S/{4 aa fonnan_fomnan From Troms) | From H-S(8 


_Crashes Segm 1 (Per Yaz ——___ — = aa 


Sars eerstan oon From H-5(12) [From }-8(15 Seer aa ero 


Fatalltfes Segm 1_ (Per Yea 


FORM J-1 a — i EE 
Corridor Capital Costs for the Alternative Scenario 


CORRIDOR IDENTIFICATION Lincoin Avenue-Academy Bivd corridor 
ANALYSIS YEAR 2020 


cov | ov | or | cus | tet | cnr | pike | reps 


42.8 
a Me ee el a 


Number of Additional Lanes/Tracks 


2 Pans [Cnet 

Unit Gost per Lane/Track (Table R-2 gso00.000] | el | 

| Number ofComponentsequipmentt =| | | | CC 
| Number of GomponentwEquipment2 | Sos nine sd Reet Eee 
|_UnitCostPerComponenvEquipmenti(TabieR2) |_| a ae ae eee a | 
| Subtotal == 000001 —-_—F ee ee | ol 
17%] 17% 
Construction Engineering % (Table R8 11.7% 44.7% 14.7%) 14.79% 


TFORMJ-20000 ae 
Corridor Annual Maintenance & Operation Costs under the : __ Alternative Scenario 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Blvd corridor 


ANALYSIS YEAR 


Corridor Length affected b ne 42.8 42.8 
Number of Additlonal Lanes/Tracks — 0 0 
M&O Unit Cost per Lane/Track (Table R8 ; Ee 

Subtotal _sissqo__ol ____q__al __q 0 


Total (oer made | seascool = Ct CCid 0 
ALTERNATIVE M&O TOTAL (Annual 

Service Delivery Components (%) (Table A10 om met 75%] 72% 72% OH] 
Service Daliver Components: : a ee ee Q 


| FORM 
| Summary Table for Corridor Mobility Conditions for All Segments Each Direction 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Bivd corridor 


BASELINE YEAR ANALYSIS YEAR 


3508.37 70.00, 0.00[ 0.00] 0.00| 0.00] 0.00] ___ 0.00 
3930.93] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00) 
[sel (O00) 


jo] 0.00] 
-cenrttases bal | gs] ro anol col 000,00, ton tog 
[Veh HounTaveled AB ———+d| Ste] —SCSC=ittSCSSSCYSSSCSCéTSSC C—O 
A a 
Veh. Mites Traveled AB ———~7|’ ~—ta51a2] of 

a 


{| —_768| _ 0.9 __o.of oo] a0} .of 0 


SS a ST eT Ree 
a Le 
Capacty uutzation ap __| __0.a7|_0.00{_0.00f_0,00{_0.09 — or 


ST a ed eee 
| MOEs es aber PERIOD sov_ | HOV HOT Bus | LAT [| cRT | BIKE — 


Cat aac OY 


a MOBILITY. MOEs for No Bund ‘Scenario = 1S ATE LL ee 
"Avg. Number of Passenger Trip 2A "7123.21| 0.00, ——=—«.00]—=—0.00]~—S=—i.0—S—C.00 0.00 2.00 


| Avg. Number of Passenger Trips BA | 8310.14] 0.00] 0.00] 0.00] 0.00] 0.00] 
Corridor Travel Time AB (hrs) aaa boot aot aot aoe Sool cot 
Corridor Travel Time B-A (hrs Pion, 0.00/_ 0.00] 0.00] 0.00] 0.00] 0.00} 
Veh, Hours Traveled A-B bs A040) 0 0 00 0) 
Veh. Hours Traveled B-A ee | | a) a | ee | a) 
‘Veh. Miles Traveled A-B : [| asaosif Ot CO CS 
Veh. Miles Traveled B-A EEE a) a) es | ae | ee ee ee 


Passeng er Miles Trav. A-B 


Pessenger Miles Trav. B-A [_asse7a CSCC SCCSCSC“‘##‘CNC*#C#O|;COC‘«C 
[Cespsc acity Uilization A-B [a74] 0.00 0.00] 0.00 0.00] 0.00 
Capacity Utilization BHA —[-__0.87[____0.00|____0.00]_ 0.00] 0.00}____0.00] 


[mex Theor. Cap. perintrack(TableRt7) [9600 ——— |] 
_MOEs 1 PER ANALYSIS PE PERIOD eo 


TY Alternative ecenailo 
Avg. Number of Passenger Trips A-B P712321| 0.00] 0.00] 0.00] 0.00. 0.00] 0.00] 0.00 


A a Nimherel Paseenneriit s B-A | __ 8310.14] 0.00] 0.00 POO (Ss f—§ = .00]~ST 0.00] ~—__—i0=.000 
Corridor Travel Time A-B (hrs [O57] iO] ]_—— 00], i.00]_—S—i.00——.00 
Corridor Travel Tima B-A (hrs | ot] 0.00] S00] 0.00] 0.00] 0.00] 0.00.00 
Veh. Hours Traveled A-B _— | —__5906) of 0 0 6 
Veh. Hours Traveled B-A =| A481] = 0-0) -_____9|. —., 6] — = 0, — —___‘«9|, _- — _ 0 
Veh, Miles Traveled A-B a a) a) ee | |) aS | ee | 
Veh. Milas Traveled B-A _| 296395 Of LU ll 

: ghted Mean s d BA (mish PT se TD 
ae or Miles Trav. A-B gosa7a]_ OT CT 
Passenger Miles Trav. 6-A | _3ss674) CCD 

= ity Utlltzation A-B | det .0o]_ 0.00] 0.00] 0.00} 0.00 | 
Capacity Utilization B-A | 0.58] ——_—0.00 U | _0.00| | 00] 0.00.00 ee | 
Max. Thear.Cap.perinfrack(fableRi7) [| 9600] CC CC ; CTC 


Summary Table for Corridor Mobility Conditions for All Segments Both Directions __ = 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Blvd corridor 


ANALYSIS YEAR | 200) 
‘SOV a HOT _ Tous Doar] oar | oe | res | 


i | MOBILITY MOEs for BASELINE conaitione (both directions ) u ie 
epee a | TR TT 
| comidorAvg.trwveitineperDrvoton | ose, | | | | 


Total Veh. Hours Traveled 
Total Veh. Miles Traveled 


Wolghied Mean 5 [page ea Pes cal a ad alka 


Tota Passenger Mies Traveled sisal gl =~} Sf Sf St St Sd 
| avg capectyumzaon | ose} S| 
: Speed for all Avallable Modes both Directions (mi/hr) = | 


| MOEs PER ANALYSIS PERIOD | SOV Hov_ | HoT | BUS | LAT | CAT BIKE | PEDS | 
: MOBILITY MOGs fo) No. Build acanais (bath directions) Tet 7) he's 


a td, 


| Totaivon.Hourstrwveea | tsi oS St SS SS 
| touwaseernenes __[ ssa! __o 

| woignteatiean speed min | go.zi oof aol__——ao__——to}_——o}_——at 

| Tota Passenger Mies Taveled | as0se7|_ of ~~~} St StS 
| avg.capacnyunmmaton | owt! =| | 


Welghted Mean Speed for afl Available Modes both Directions (mi/hr) = 802 
M MOEs PER / R ANALYSIS PERIOD_ at SOV__|__HOV ‘HOT OT | BUS | eats CRT | BIK KE _,PEDS 


|_ MOBILITY MOEa under ABternative scenario (both directions) __ 
See 7 TT 
| comisor avy.travelTime per iretion | osl | | | | 
| Tota VehHousTrveled | var tS St SS SS 
| Totaiveh,wiesTrveled | 550456, 

| Weighed usanspeea (mim | 737] ool ooo) 
| ota passenger tiles Traveled | asosa7| = SS SS} SS 
| avg.copectyumzaion =| sal =| | TT 
| corridor average spesaumt | zal ool] otto] 
|_Weighted Mean Speed for all Avaliable Modes both Directions (miPe= 737 


Weighted Mean Sp all Available Modes both Directions (ml/hr) = 73.7 


' FORN 
ANNUAL USER COSTS * 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Blvd corridor 


ANALYSIS YEAA 
Unt Sov HOV HOT Unit BUS una | LAT of unk | = OCRT Tum BIKE || ust |__PEDS 
BASELINE CONDITIONS _ {__Coot_| Units | Cost | Units | Cost | Units | Coat || Cost | Uns | Cost | Cost | Unite Gost | coct | Unie | cout | Coat | unt | cost Coat | Unite | Cost 
Auto Gasolina Unit able Ra |__ 0.082] 1 86-08! ao25308) 0 r) 
Auto Parking (Unkt=Auto Ti _||___1.00|3039703/3009708| 0.0% o| 0.90 
Auto Tails (Unit=Auto Trips! 30097 oo o| 900 
Transit Fares (Unit=Passenper Te <— 
VARIABLE COSTS (par mods’ | 1.15507 o| 
Capita (Table R2: 0267|_1E408/3.5E+07 Ol 
Insursnoo {Tobla Re OO58( 16+08)/7420080) o bs) 
Maintenance (Table Ra) a 16406] 1.16407 0 0 f) 
letration/Taxea (Tebia RB 0.002| 1&+08| 285395) O 
PERIODIC COSTS (per made 545107 a 
TOTAL Varlablo Costs (Mill $) 11.33 TOTAL Porladto Costa (Mm 54 
TOTAL ANNUAL USEA COSTS (In Mil¥ons 85.321 
ee vf er eek PLAT [oun [CRT Tum | BIKE. PEDS | 
|_NO-BUILD SCENARIO __ = [units | coat | | units | Coot Tonite | Goat | cont | units | coct | cost | Unhe | cont | 
Auto Gasoline (Unft=VMT) (Table 8 (S25 2 8608 ae a {| | rear (el al SE aaa RE | (ae fe | 
Auto Parking (UniteAuta Trips | toolessosedeascsss| ol SoC RE A SR EE OS 
Auta Tolle (UniteAuto Trips a Le ee ee ee ee 
[variaae Coste (permed) recor ‘a CST ey a eer a 
| Geptesi (rable RZ ~maaed-—wa d=a q@ 1 | | | || | 1 | | | | 
[ naurance (Table Ri pene estan PP 
Mainianance (Table Ra) oon] eelascor| of of of oF | | | | (| ~ Jf | Jf | {| | UT 
Repistration/Taxes (Table RS) QOS GD NO A OG 
PERIODIGCOSTS (por mode) S.1E608 _2 ot: eee ee) ee See 


| TOTAL Varishle Coste (hilfl 28 A4D4) TOTAL Portodic Coste (ill $ 12,0165 


L 
L. TOTAL ANNUAL USER COSTS (In Milliona $) _ _ a3 _ 


ALTERNATIVE SCENARIO 


Auto Gasoline (UnitxV i ‘able Fé) 


VARIABLE COSTS (per mods) = 


[__Inourance (Table RE 3E +06] 1.5E407 etiy daay (cam imme Cece pat (ee De) at 

| Malmtonanso(Tabiog) es ees seo 9 ff ff fT ~—' | [ [J] [oe 

g Rlegistration/Taxas (Table Ad anes ana] aevoal | ssosal a a 
PERIODIC COBTS (per mode) : | = ee | 


TOTAL Varisbla Coste (MIR 
f_ 135.51 


* Annual user costs are calculated using number of trips under congested (peak period) conditions only. 


FORMM 2 wae ee oo] 
| Summary Table for Corridor Annual MOEs (All Segments Both Directions 


CORRIDOR IDENTIFICATION Lincoln Avenue-Academy Bivd corridor 


| AnnwalNumberofPass.Trips | 19395315 OO] SCS 


[0] _ 19895375) 

a719650]__o| of of] of oof a 9650 
| Vehicte Miles Traveled | 91766250 of of of of o_o 601766250) 
132667500 

[830119500 


== es a 


132667500] OO 
830119500] Of 830119500 
159201000f Of f_15:9201000 


| MOEaPER YEAR = [SOV | Hov 
| _MOES ior No-Builo scenario (noth diraslions) = ra 


== = ae 
| Annual NumberofPasa.Trips | 40296852] | 40236952 
| Annual #ofPasaPk-perTrips” | _7716676] |S] 7716676 
| Vehicle tiles Traveled | 1435117950] ot | 1435117950) 
| WMT (Peakperiody | 275228100] | tS Ct 


| SAFETY 
j Ss USER COSTS 


| 
| Varlabte User Cost 


PMT (Peak Period)* | _330273720) 


AIR QUALITY __ 


USER COSTS in millions $ 
23.49] 0.00] 0.00| ~~ .00] ~—S—i.00] ~_—C.00 [28,49 
| PerlodicUserCost “a | 2.02] Oo], “0.0, —§=_ ss —“(;rs—s—“‘#:C*”rTSCCéQO | 172.024 


AGENCY COST in miltions $ 


* Only considers trips made under congested (peak period) conditions and 250 workdays in a4 year. 
™ Totaf Agency Cost is not annualized, but reflects profect’s total cost. 


FORM N 
MOE index for the 


Alternative Scenario : = rere 


pT 


CORAIDOR IDENTIFICATION Lincaln Avenue-Academy Blvd corridor 


punsenee 


MEASURES — oO 
FOR EVALUATION | SsoV_| HOV __ HOT | _ LRAT CRT PEDS | TOTAL 


ee 
Fatalities per year | tg] oot Soft 


eT 
6122 


Tons of pollutants per year 6122 2 ____4 _2 
Agency cost ($ in millons me mn 7 NR 7 TT 929.3| (M3 


From K-2 
_ Weighted Mean Speed for all Modes for all Directions (mi/h . . _ M4 


Weight for Fatalities measure (Wi}= 0.35 (1) Weight for Cost mossura (W$) = (3) 
Weight for Air Quallty measure (Wo)= (2) Weight for Speed measure (Ws)= 0.20 (4) 


Note: The summation of all welghts must add to 1.0 
From (M1 
1MA Wt = 
From (M2) 
1/M24Wp = wl 6) 
From (Ma) 


1/M34W$ = 7) 


From (M4) 
waswe=[ val =e © 


From (5 From (8 
MOE Index= | 020 a eee eee ee 0.02822 


FORM AA, Air Quality Benefits Worksheet 
Project/Alternative Name Lincoln Avenue-Academy Blvd corridor 
Ai. Enter Analysis year and decision-making year from Form Ul or MOE Form D. 


Analysis Year Decision-Making Year 1998 


|A2. Enter total emissions in tons per year for each applicable mode under no-bulld and the 


alternative from Form M. 
No-Build Alternative _ 


Total Emissions (tons. of pollutants) [7 ___6122.0](1) [___6722.0](2) 


A3. Enter total vehicle miles traveled (VMT) by all modes under no-build and alternative 


from Form M. 
No-Build Alternative 


Total VMT per year (all modes) 275228100} (3) 275228100] (4) 


A4. Enter total passenger miles traveled (PMT) by all modes under no-build and alternative 


from Form M. 
No-Build Alternative 


PMT per year (5) [__ 330273720] (6) 


A5. Calculate Air Quality Measures of Effectiveness (MOEs) for no-build and the alternative. 
No-Build Alternative 


mcaces25) 
(1)/(3) 

[ ano00tas4] 
(1)(5) 


A6é. Enter ratlo of average annual concentratlon (ug/m3) to emissions (tons/year) for the county 
from Reference Table R6. In case of multiple county alternativs, see instructions In Table Ré6. 


[ETPaso + Douglas] 
RL CTESS(C) 


|A7. Calculate change In annual emlisstons (tons/year) due to the alternative. 


a) 


(1)-(2) 


A8, Calculate change in average annual concentration of emissions (ug/m3) due to the 


alternative. [0.65600] (10) 
(8)*(9) 


IAS. Human Health Damages default value in dollars per ug/m3 per person per day (1992$) 
[__$0.1052 ](11) 


A10. Update human health damages value to decision-making year using consumer price 


index (1992 CPl=140.3) 
Updated Human Health Damages Value 


Decision-making year CPI 162.2] (12) [61276] (13) 
(11)*(12)/140.3 


A11. Enter population of county or counties impacted by emissions from Table R6. The population 
figures in Table R6 are for 2005. These figures may be used as a default for years up to 2010, for 
future analysis years, projections from the State Demographer should be used . State Demographer 


projections may also be used for all analysis years. 593008] (14) 


A12. Calculate annual air quality benefit of the alternative (dollars). A negative value means 


the alternative harms air quality. [ $0] (1 5) 
(10)*(43)*(1.4)*365 


13. Transfer annual air quality benefits to Form EE Part 2, the NSB Table. Round to Millions. 


FORM BB? Part 1. User Benefit Worksheet for Project with New Mode. 


Project/Alternative Name: {Lincoln Avenue-Academy Blvd corridor 
New Mode Type: 


Benefits of New Mode for Segment # 1 and Direction A-B 


B1. Enter analysis year and decision-making year from Form UI. 


Analysis Year Decision Making Year 1998 


B2. Enter value for elasticity with its minus sign for new mode from Form UI. 


[a7 


B3. Percentage (in decimals) of new mode daily trips that occur 
during the analysis period. [0.20] 


B4. Number of annual peak-period new mode passenger trips from Form 1. 
(Multiply number of trips by 365 days/year and divide by the % of neu 


mode dally trips that occur during the analysis period) a) |¢) 


BS. Enter the travel time per trip (in hrs) for new mode from Form lI. 


[0.00)(s) 


B6. Enter the fare or toll per trip, or enter 0 if no fare or toll from Form UL. 


$3.00](4) 
B7. Enter the value of time from Form UI. $7.07] (5) 


B8. Calculate the user benefit (consumer surplus) of the new mode and place in 
Form BB-S, (Summation of User Benefits Form). 
(6) 


-0.5[[(5)*(3)+(4)/(1)]*(2) 


FORM BB1 Part 2. User Benefits Worksheet for Project with New Mode. 


Project/Alternative Name. Lincoln Avenue-Academy Blvd corridor 
New Mode’s Impact on Other Existing Modes for Segment # 1 and Direction A-B 
Existing Mode Type: 
B9. Speed for Segment # 1 (direction A-B) under the No-Build scenario from Form F. 


if speed under the No-Build scenario is greater than or equal to the speed limit, 
then skip B10 - B22 and enter $0 in B23. 


‘B10. Number of days per year when congestion is present from Form UI. 


B11. Number of analysis periods per day from Form UI. E—_ 3 
B12. Average highway occupancy per car from Form UI. 
B13. Enter value for elasticity with its minus sign for existing mode from Form UI. [_—-0.5]((1) 


B14. Annual number of peak-period passenger trips for existing mode under the No-Build 
scenario from Form F. (Multiply number of trips by 250 days/year by 2 


peak-periods/day by the average occupancy per vehicle) 4053840} (2) 
B15, Enter travel time per trip for existing mode under No-Build from Form F. [__6.23)(3) 


B16. Calculate the price per trip for existing mode under No-Bulld. 
Use value of time from B6 (entry 5) In Part 1, times (3) on this form. 


B17. Calculate the slope of the trip demand curve. 


B18. Number of Annual Peak-period passenger trips for existing mode under the 
Alternative scenario from Form I. (Multiply number of trips by 250 days/year by 2 


peak-perlods/day by the average occupancy per vehicle) 4053840} (6) 
B19. Speed for Segment 1 (direction A-B) under the Alternative scenario from Form I. 


If the speed with the new mode is greater than the speed IImlt, calculate values for B20 and 
B21 with the Speed Limit Constrained Worksheet below. Enter the values and continue with B22. 


B20. Enter the travel time per passenger trip for the existing mode under the Alternative 


scenario from Form ! or Form BB1(3). (7) 
B21. Calculate the price per irip for existing mode under the Alternative scenario. 
Use value of time from B6 (entry 5) in Page 1, times (7) on this form. S77 [(:) 
B22. Calculate the intercept for the trip demand curve with the new mode built. [ 423](9) 
(8)-(5)*(6) 


B23. Calculate the total benefit for the existing mode under the Alternative 
scenario and place It In Form BB-S (Summation of User Benefits Form). f $1 5412,366 |(10) 
(0.5*(9-8)*6)-(0.5*(9-4)*({4-9)/5) 


eS eh 


SPEED LIMIT CONSTRAINED WORKSHEET 


A. Segment speed limit for existing mode under the No-Build scenario from Form E-a1. [_65.0](1) 


B. Enter the length of Segment #1 In miles from Form UI. ___11.2](2) 

B20. Travel time (in hrs) per existing mode trip at the speed limit under the Alternative scenario. 

airs) 
(2)/(1) 

(4) 


B21, Time price per trip at the speed limit under the Alternative scenario. 


(3) * [(5) in Form BB? Part 1] 


Enter the values form B20 and B21 in this worksheet in B20 and B21 on the worksheet 
for the New Mode’s Impact on Exisiting Modes, Form BB1 Part 2 above, 


FORM BB2. User Benefit Worksheet for Projects that Increase Highway Capacity. 


Project/Alternative Nama Lincoln Avenue-Academy Blvd corridor: 


User Benefits due to Increased Highway Capacity for Segment # 1 and Direction A-E 


B201. Speed for Segment # 1 (direction A-B) under the No-Build scenario from Form F. 


If average speed for the No-Build is greater than or equal to the speed limit, 
then skip B202 - B215 and enter $0 in B216. 


B202. Enter analysis year and decision-making year from Form UL. 


Analysis Year Decision-Making Year 
6203, Number of days per year when congestion is present from Form Ul. [~ _250] 
B204. Number of analysis periods per day from Form Ul. a) 
B205. Average highway occupancy per car from Form UL 


B206. Annual number of peak-period passenger trips for existing mode under the No-Build 
scenario from Form F. (Multiply number of trips by the number of days/year when 
congestion occurs by the number of analysis periods per day, and by the average 


highway occupancy per vehicle) (1) 
B207. Enter travel time (hrs.) per trip for existing mode under No-Bulld from FormF. [____0.21](2) 
B208. Enter the value of time from Form Ul. [__$7.07](3) 


B209. Time price per trip for existing mode under No-Build conditions. NE (0) 
(2)*(3) 


B210. Speed for Segment 1 (direction A-B) under the Alternative scenario from Form L.: 


If the avg. speed under the Alternative scenario is greater than the speed limit, then calculate 
the values for B211 and B212 with the Speed Limit Constralned Worksheet below. 


B211. Enter the travel time per passenger trip for the existing mode under the Altemative 
scenario from Form | or from the speed-limit constrained worksheet below. [__6.77|(5) 


B212. Calculate the time price per trip with the additional highway capacity. (246) 
(3)*(5) 
B213. Number of Annual Peak-period passenger trips for existing mode under the 
Alternative scenario from Form |. (Multiply number of trips by the number of days/year 
when congestion occurs by the number of analysis periods per day, and by the 


average highway occupancy per vehicle) [__4053840](7) 


B214, Calculate the benefits of travel time savings. 51, 188.238) 


[(4)-(6)1"(1) 
B215. Calculate the additional consumer surplus benefit. LA) 
£(4)-(6))"1(7}-(1)}*0.5 
B216. Calculate total user benefits due to additional highway capacity and 
place in Form BB-S (Summation of User benefits Form). 


SPEED LIMIT CONSTRAINED WORKSHEET 
A. Segment speed limlt for existing mode under the No-Build scenario. 


B. Enter the length of Segment # 1 in miles from Form UI. 


B211. Calculate the travel time per highway trip at the speed limit under the Alternative scenario. 


LS: |) 


(2)/(1) 


B212. Time price per trip at the speed limit under the Alternative scenario. $1.2 
(3) * [(3) in Form BB2 Part 1] 


Enter the values form B211 and B212 in this worksheet in B211 and B212 on the worksheet 
‘ for the Benefit of Increased Highway Capacity, Form BB2 Part 1 above. 


(has BB-S. User Benefits for Projects that Increase Highway Capacity. | 


Project/Alternative Name: [Lincoln Avenue-Academy Blvd corridor 
Analysis Year: 


Does the Project Alternative Increases the Highway Capacity (Yes/No)? yes 


User Benefits due to Increased Highway Capacity 
[From (10) in Form BB2] 


Benefits for Segment # 1 Direction A-B $1,168,238 | (1) 


[From (10) in Form BB2] 


Benefits for Segment # 1 Direction B-A $18,937,185} (2) 


[From (10) in Form BB2] 
Benefits for Segment # 2 Direction A-B [_S0K(3) 


[From (10) in Form BB2] 


Benefits for Segment # 2 Direction B-A $550,376 |(4) 


[From (10) in Form BB2] 


Benefits for Segment # 3 Direction A-B $1,280,569 | (5) 


[From (10) in Form BB2] 


Benefits for Segment # 3 Direction B-A > 197,805 |(6) 


[From (10) in Form BB2] 
Benefits for Segment # 4 Direction A-B [ $07) 


[From (10) in Form BB2] 
Benefits for Segment # 4 Direction B-A [_S0\(8) 


[From (10) in Form BB2] 
Benefits for Segment # 5 Direction A-B 2 ((:) 


[From (10) in Form BB2] 
Benefits for Segment # 5 Direction B-A 0 ( 0) 


$22, 134,174|(11) 


Total (1) to (10) 


Enter Total in millions in Form BB (User Benefits Summary Table). 


FORM CC. Safety Benefits Worksheet 


Project/Alternative Name Lincoln Avenue-Academy Blvd corridor 


C1. Enter analysis year and decision-making year from UI. 


Analysis Year Decision-Making Year 1998 


C2. # of fatalities per year under the No-Build and Alternative scenarios from Form M. 
No-Build Alternative 


Total fatalities/year [16.2](1) [__16.2)(2) 


C3. Calculate change in fatalities due to Alternative. fF 2.0](3) 
(1)-(2) 


C4. Fatalitiy risk default value. (March 1998) (4) 


C5. Update fatality risk value to decision-making year using consumer price index. 
(March 1998 CPI = 162.2). See Table R3. 


Decision-making year CPI | 162.21 (5) 


Updated fatality risk value 


| FOOT 6D > 


C6. Calculate annual safety benefits of the alternative - in millions $. 
(A negative value means the alternative harms safety ay its a in fatalities 


war _ 


C7. Transfer annual safety benefit to Form EE Part 2, Net Social Benefits Table. 


Form EE Part 2. Net Social Benefit Table | 


Project/Alternative Name: Lincoln Avenue-Academy Blvd corridor 
Year User Air Quaility Safety Capital M&O Net Social Present 
Benefits Benefits Benefits Costs Costs Benefits Value NSB 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Present Value . $0.0 50.0 $772.3 $77.1 ($509.4) 
Annual! Value : F $0.0 $40.3 $4.0 ($26.8) 
Perpetuity Value : $0.0 $0.0 $1,059.4 $105.8 $698.9 


* Difference in yearly User Costs between No-Build and Alternative from MOE Form L 
Benefits and Cost are in millions $ 

Present Value is based on the Interest Rate on Form EE-1, as is Perpetuity Value 
Annual Value is based on the Interest Rate and Annualization Period on Form EE-1 


Appendix 


Annotated Bibliography 


1. Eubanks, Larry S. and Mueller, Michael J. (1998). ‘Safety Benefit-Cost Estimates’, Prepared 
for CDOT Research Contract Common Performance Measures - Multi-modal Research 
Study, Community, Environmental and Economic Development Analysis Program, Center 
for Community Development and Design, University of Colorado at Colorado Springs. 


Synopsis: 
This technical paper discusses considerations about transportation safety as used in 
efficiency analysis and provides the basis for a calculation methodology for safety benefits. 


The concept of the value of fatality risk is explained. 


2. Eubanks, Larry S. and Mueller, Michael J. (1998). “Transportation Economic Benefits’, 
Prepared for CDOT Research Contract Common Performance Measures - Multi-modal 
Reseatch Study. Community, Environmental and Economic Development Analysis 
Program, Center for Community Development and Design, University of Colorado at 
Colorado Springs. 


Synopsis: 

This technical paper explains economic benefits of transportation as used in efficiency 
analysis and provides the basis for calculating estimates of benefits for projects that involve a 
new mode or that increase capacity of existing modes. It also discusses benefits in situations 
involving congestion considerations. 


3. Eubanks, Larry S. and Mueller, Michael J. (1997). ‘Notes on the Booz-Allen Mobility Index’, 
Prepared for CDOT Research Contract Common Performance Measures - Multi-modal 
Research Study. Community, Environmental and Economic Development Analysis 
Program, Center for Community Development and Design, University of Colorado at 
Colorado Springs. 


Synopsis: 
This papet provides some analysis of the Booz-Allen Mobility Index that helps one 
understand the potental usefulness of the index with respect to the Common Performance 


Measures research. 


4, Eubanks, Larry S. and Mueller, Michael J. (1998). “The Meaning of Efficiency’, Prepared for 
CDOT Research Contract Common Performance Measures - Multi-modal Research Study. 
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Community, Environmental and Economic Development Analysts Program, Center for 
Community Development and Design, University of Colorado at Colorado Springs. 


Synopsis: 

This technical paper describes the meaning of efficiency in order to minimize potential 
misunderstanding of the economic efficiency analysis used in the research, as well as to 
provide an adequate foundation for understanding the role which effictency and benefit-cost 
analysis can play in transportation planning. 


Khan, S.I. and Welle, M. (1997). ‘A Review of Travel Demand Elasticities’, Prepared for 
the Colorado Department of Transportation as supporting document for the Development 
of Common Performance Measures to Evaluate Transportation Systems Investments Across 
Modal Lines. Colorado TransLab, Department of Civil Engineering, University of Colorado 


at Denver. 


Synopsis: 

Projections of future travel demand and the effects of various transportation alternatives on 
travel patterns are an essential part of this evaluation process. One method to estimate 
travel demand is to use direct and cross-elasticttes available in the literature. This paper 
reviews transportation elasticities developed through various studies, but these elasticities 
represent situations unique to a particular study. For instance, some elasticities categorize 
the tesponse to price changes by trip purpose- others by trip length or travel time. To apply 
elasticities to forecast travel demand, an understanding of the details involved in the 
development of the elasticity is necessaty. This overview attempts to provide some 
background information on transportation elasticities. 


Khan, S.I., Awad, W. and Robles, J. (1998). ‘Estimating Crashes and Fatalities’, Prepared for 
the Colorado Department of Transportation as supporting document for the Development 
of Common Performance Measures to Evaluate Transportation Systems Investments Actoss 
Modal Lines. Colorado TransLab, Department of Civil Engineering, University of Colorado 
at Denver. 


Synopsis: 

This report presents a discussion on the methodology to estimate number of crashes and 
fatalities for a corridor investment study or a regional transportation plan, for highway and 
transit modes. 


Khan, S.I., Eubanks, L.S., Mueller, M., Van Lauwe, E., and Joy, C. (1997). ‘Common 
Performance Measures to Evaluate Transportation System Investments Across Modal Lines 
for Rural and Small Urban TPRs’. Presented at the 1997 Transportation Research Board 
Annual Meeting, Washington, D.C. 


Synopsis: 
This paper is a progress report on the Common Performance Measures - Multi-modal 


Reseatch Study. 


. Khan, S.I., Eubanks, L.S., and Robles J. (1999). ‘An MOE Index to Evaluate Multimodal 
Transportation Alternatives for Corridor Investment Studies’. Submitted for publication to 
the Transportation Research (part A) journal. 
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10. 


11. 


12. 


Synopsis: 
This report presents a discussion of the methodology to develop a multi-criteria ordinal 
index to rank alternatives or projects. 


Mueller, Michael J. and Eubanks, Larry S. (1997). ‘Air Pollution Benefit-Cost and MOE 
Estimates’, Prepared for CDOT Research Contract Common Performance Measures - 
Multi-modal Research Study. Community, Environmental and Economic Development 
Analysis Program, Center for Community Development and Design, University of Colorado 
at Colorado Springs. 


Synopsis: 

The purpose of this technical paper is to explain the role of air polluting emissions in the 
economic efficiency analysis of transportation plans, and to define a methodology for 
computing the effect of changes in emissions on the net social benefit of transportation 
projects at the sketch planning level. It also defines and discusses a measure of effectiveness 


for air quality considerations. 


Mueller, Michael J. and Eubanks, Larry S. (1997). “Efficiency Analysis and Full Cost 
Mockup’, Prepared for CDOT Research Conttact Common Performance Measures - Multi- 
modal Reseatch Study. Community, Environmental and Economic Development Analysis 
Program, Center for Community Development and Design, University of Colorado at 
Colorado Springs. 


Synopsis: 

This technical paper illustrates, through a hypothetical and stmple case study, the use of 
economic efficiency to analyze a multi-modal transportation planning decision-making 
situation. It also shows a full cost analysis of the same case study and compares the two 
types of analysis. 


Mueller, Michael J. and Eubanks, Larry S. (1997). ‘Transportation Economic Costs and 
Discounting in Economic Efficiency Analysis’, Prepared for CDOT Research Contract 
Common Performance Measutes - Multi-modal Research Study. Community, 
Envitonmental and Economic Development Analysis Program, Center for Community 
Development and Design, Univetsity of Colorado at Colorado Springs. 


Synopsis: 

This technical paper discusses the types of economic costs associated with transportation 
projects tn terms of the meaning of costs as used in economic efficiency analysis. It also 

explains procedures followed in using economic costs, discounting, and discount rates in 
calculating net social benefits. 


Robles, J. and Khan, S.I. (1998). “Mobility and Travel Demand’, Prepared for the Colorado 
Department of Transportation as supporting document for the Development of Common 
Performance Measures to Evaluate Transportation Systems Investments Actoss Modal 
Lines. Colorado TransLab, Department of Civil Engineering, University of Colorado at 
Denver. 


Synopsis: 

«As patt of an effort to develop measures to evaluate transportation system investment across 

modal lines, the CPM team conducted a review aimed at identifying practical, simplified 
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techniques for travel demand forecasting and assessing their applicability to this research 
project. The report reviews travel demand modeling techniques and procedures as it 
pertains to the analysis of demand for cottidor investment studies as well as more simplified 


analyses at the TPR level. 
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INSTRUCTION FOR ACCESING CPM WORKSHEETS 


The attached floppy disk contains three frles needed to use the CPM analysis tools—two 
Excel spreadsheets and a Word file. It is highly recommended that the user copy all 
three files onto the user’s hard drive and keep the floppy disk as a backup copy. 


The “Userinput.doc” Word file can be used to insert required data to calculate measures 
of effectiveness and to perform economic efficiency analyses for the corridor to be 
evaluated. The user may also choose to print the tables in this file to fill the information 
manually. 


The “Manual MOEs.xls” Excel file can be used to print worksheets templates to perform 
manual analyses. All templates can be sent to the printer in Excel by pulling down the 
“View” menu and selecting “Print Manager-Print All”. 


The “Automated_MOEs.zip” file is a compressed Excel file that is used to perform 
automated analyses as well as sensitivity evaluations. This file will decompress to a 1.8 
MB spreadsheet named Automated_MOEs.xls. All required data to perform a corridor 
analysis can be entered in the first worksheet of this file. This “Data” worksheet requires 
a more complete data input than the one needed to fill the tables in the “Userinpt.doc” 
file. 


INSTRUCTION FOR ACCESING CPM WORKSHEETS 


The attached floppy disk contains three files needed to use the CPM analysis tools—two 
Excel spreadsheets and a Word file. It is highly recommended that the user copy all 
three files onto the user’s hard drive and keep the floppy disk as a backup copy. 


The “Userinput.doc” Word file can be used to insert required data to calculate measures 
of effectiveness and to perform economic efficiency analyses for the corridor to be 
evaluated. The user may also choose to print the tables in this file to fill the information 
manually. 


The “Manual MOEs.xIs” Excel file can be used to print worksheets templates to perform 
manual analyses. All templates can be sent to the printer in Excel by pulling down the 
“View” menu and selecting “Print Manager-Print All”. 


The “Automated_MOEs.zip” file is a compressed Excel] file that is used to perform 
automated analyses as well as sensitivity evaluations. This file will decompress to a 1.8 
MB spreadsheet named Automated_MOEs.xls. Al] required data to perform a corridor 
analysis can be entered in the first worksheet of this file. This “Data” worksheet requires 
amore complete data input than the one needed to fill the tables in the “Userinpt.doc” 
file. 


